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F  oreword 

This  study  was  undertaken  by  the  Alberta  Department  of  Public  Health 
in  May,  1958,  as  a  basic  study  of  the  nature  and  the  efficiency  of  the  operation 
of  sewage  ponds  in  Alberta.  The  ponds  chosen  for  study  were  ones  which 
represented  a  range  of  design  ideas  and  loading  factors  and  thus  enabled  observa¬ 
tion  of  the  effect  of  these  factors  under  both  winter  and  summer  weather  conditions. 

The  study  was  planned  to  include  both  the  physical- chemical  and  the 
microbiological  considerations,  with  both  aspects  proceeding  independently 
except  that  samples  for  both  purposes  would  be  collected  at  the  same  time  and 
periodic  joint  discussions  of  the  program  and  the  results  would  be  held.  A 
graduate  chemical  engineer  carried  out  the  physical- chemical  section  of  the 
work  and  also  collected  the  samples,  made  the  environmental  factor  observa¬ 
tions  and  compiled  the  design  and  loading  data.  A  graduate  student  of  microbiology, 
under  the  direction  of  the  Department  of  Bacteriology  at  the  University  of  Alberta 
carried  out  the  microbiological  study.  The  laboratory  facilities  of  the  Department 
of  Bacteriology  and  the  Pollution  Control  Laboratory  of  the  Division  of  Sanitary 
Engineering  were  used  for  the  laboratory  work. 

This  study  was  made  with  the  kind  permission  of  the  Honourable  J. 

Donovan  Ross,  M.D.  ,  Minister  of  Public  Health  and  was  sponsored  financially 
by  the  Federal  Research  Grants  program  of  the  Department  of  National  Health 


and  Welfare . 
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Summary 

The  following  report  records  the  observations  made  during  this  study 
and  the  evaluation  of  these  observations. 

The  initial  purposes  of  this  study  by  the  Alberta  Department  of  Public 
Health  were  three: 

1.  To  determine  the  sewage  treatment  efficiency  of  the  ponds  under 
all  seasons  of  the  year. 

2.  Study  the  behaviour  of  the  ponds  in  the  spring  as  related  to  the 
release  of  odorous  gases. 

3.  Consider  the  advantages  of  various  designs. 

The  method  of  study  was  to  consider  the  physical- chemical  factors  as 
one  phase  and  the  microbiological  factors  as  a  separate  phase.  The  evaluation 
of  the  design  and  loading  characteristics  of  the  ponds  was  included  in  both  phases. 
Separate  reports  are  included  on  each  phase  of  the  study  including  all  of  the  data 
obtained,  the  observations,  methods  of  sampling  &  measurement,  and  the 
conclusions . 

Five  ponds  were  selected  for  detailed  study  and  these  represented  both 
the  'short  detention,  anaerobic1  and  the  'long  detention,  aerobic'  ones.  They 
were  all  within  100  miles  of  Edmonton  so  that  samples  could  be  collected, 
returned  to  Edmonton,  and  the  time-critical  tests,  such  as  B.O.D.  and  Micro¬ 
biological  ones  set  up  in  the  same  day.  Spot  checks  were  made  on  five  more 
ponds,  these  were  of  the  'short  detention  or  anaerobic'  type.  Also  ten  pond 
systems  in  the  Peace  River  district  were  sampled  in  June,  1959,  in  order  to 
observe  the  operation  at  a  more  northerly  location,  this  district  being  300 
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to  400  miles  north-westerly  of  Edmonton.  Thus  the  total  number  of  ponds 
included  in  the  study  was  20,  out  of  a  total  of  about  114  pond  systems  in 
operation  in  Alberta  at  that  time. 

The  results  obtained  during  this  study  are  summarized  in  each  section 
of  the  report,  however  the  following  few  aspects  were  particularly  interesting: 

1.  The  'Long  Detention  Ponds',  i.e.  those  having  a  detention 
capacity  of  at  least  one  month  and  a  B.O.  D.  loading  of  not 
more  than  80  lbs.  of  B.  O.  D.  per  acre  per  day,  operate 
efficiently  during  the  summer  months.  B.O.D.  removal  is 
about  80%  and  the  liquid  in  the  ponds  is  green  colored  with 
algae  which  supply  adequate  oxygen  to  maintain  effectively 
aerobic  conditions. 

2.  Long  Detention  Ponds  constructed  as  separate  units,  through 
which  the  sewage  flows  in  series,  are  markedly  more  efficient 
than  the  single  unit  systems.  At  the  Drayton  Valley  ponds,  the 
total  detention  time  of  the  three  units  is  only  120  days  as 
compared  to  274  and  204  at  Holden  and  Lacombe;  still  the  B.  O.  D. 
removal  was  90  to  98%  as  compared  to  about  80%,  respectively. 

In  addition,  the  coliform  density  was  as  low  as  20  per  100  ml. 

in  the  final  effluent  at  Drayton  Valley,  while  at  Holden  and 
Lacombe  the  lowest  results  were  about  2,  000  per  100  ml. 

3.  The  Long  Detention  Ponds  become  anaerobic,  i.e.  in  that  dis¬ 
solved  oxygen  is  not  present  shortly  after  the  ice  cover  forms 
in  the  winter.  One  to  two  months  after  this  the  B.O.D.  of  the 
liquid  in  the  ponds  starts  to  increase  as  does  the  Threshold 
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Odor  Number,  the  alkalinity,  total  solids,  ammonia  and 
chlorides;  at  the  same  time  the  pH  and  suspended  solids 
decrease.  This  is  partly  due  to  the  concentrating  effect 
of  the  ice  formation,  however  the  B.  O.  D.  ,  ammonia  and 
alkalinity  increased  to  a  greater  extent  than  did  the  total 
solids  and  chlorides,  thus  indicating  changed  microbiological 
activity  and  decreased  treatment  efficiency.  The  graphs  of 
the  results  of  the  Holden  and  Lacombe  systems,  on  pages 
44-45  and  55-56  of  Part  I  indicate  this,  as  does  the  following  table: 


Value  at  the  Time  Approx.  Peak  Value  %  Increase 

of  Ice  Formation  During  the  Winter  During  this  Period 

Lacombe  Holden  Lacombe  Holden  Lacombe  Holden 


Total  Solids, 

ppm. 

1130 

3560 

1580 

5000 

40 

40 

Chlorides , 

1 1 

70 

390 

105 

600 

50 

54 

B.  O .  D. 

1 1 

40 

85 

280 

290 

600 

240 

Ammonia -N 

1 1 

15 

10 

75 

90 

400 

800 

Alkalinity 

1 1 

570 

800 

1300 

2400 

140 

200 

4.  The  differentiation  between  aerobic  and  anaerobic  conditions 

appears  to  be  a  technically  debatable  matter  in  that  the  number 
of  bacteria  cultured  in  the  laboratory  under  aerobic  conditions 
remains  at  a  high  level  throughout  the  winter  and  also  algae 
were  present  in  large  numbers  in  the  winter  samples.  The 
numbers  of  coliforms  and  of  bacteria  cultured  under  anaerobic 
conditions  in  the  laboratory  appear  to  follow  a  seasonal  cycle 
in  the  Long  Detention  Ponds,  reaching  a  maximum  in  the  late 


. 

,  t  '  ■  '0  3  !  i.'  '  c;  1  '■  a  °  ^ 

bnfi  £  :o  mrn  js 

J  •  ■  ■Ci:i  '■ 

, 

>jrf)  -sob  di  eBt^t  3J 

•  »;r»  ’//  ’>i\  ixxiTt/Q 


,8bL  .*>2  j  6lo1 

ov 

OPS 

1 1 

.a  ,o  .a 

/,  -  h  r  rto  rrr  rnA 

. 

00  b 

C  '  ' 

•  3  1.  .>  3f! 

■ 

3/"*  f  »'  rn/fri  j  1 1,  .  >'  c  i  n 

R'Tolr.E  :>  d  rrr  ■  ’  ;  o  ;  8 '.admofl 

■ 

£  ^xurfo*,  i  t8bno4  noiJrrsJ-.jt f  prroJ  a/f:t  ni 


-  4  - 


5. 


6. 


winter  and  early  spring  and  then  declining  to  a  lower  level 
during  the  summer,  This  would  indicate  that  both  aerobic  and 
anaerobic  decomposition  processes  are  active  throughout  the 
year,  although  the  anaerobic  ones  are  appreciably  less  sig¬ 
nificant  during  the  summer  season,, 

The  survey  of  the  ten  ponds  in  the  Peace  River  district  shows 
that  the  summer  time  operation  is  very  similar  to  that  in  the 
Edmonton  area.  It  is  noted  that  at  Donnelly  and  Girouxville 
the  dissolved  oxygen  was  very  low,  no  algae  were  observed  in 
the  samples  and  the  B.  O.  D.  ’s  were  also  low. 

The  highest  degree  of  treatment  observed  was  at  Drayton 
Valley.  The  three  "long  detention  ponds"  in  series  here  were 
sampled  over  a  24  hour  period  in  September  1959,  with  the 
following  results: 

Raw  Sewage  Final  Effluent  %  Removal 


B.O.D, 


302 


98 


Ammonia 


Phosphate 


Detergents* 


21 


34 


18  (Est.  ) 


Suspended  Solids  532 


1 . 8 
4 
6 
48 


91 

88 

67.7 

91 


^Commercial  Detergent,  determined  by  analysis  for  ABS. 

Other  observations  in  the  third  pond  of  the  system  also  indicated  a  high 
degree  of  purificati on,e .  g. 

a.  The  algae  were  too  few  for  an  accurate  count; 


b.  Coli'forms  were  20  and  680  per  100  ml.  ,  top  and  bottom 


samples  respectively; 
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c.  Anaerobic  bacteria  were  3  and  4  per  ml.  ,  top  and  bottom 
respectively; 

d.  Dissolved  oxygen  ranged  from  1.4  to  7.  3  p.p.m.  during  the 
day  of  sampling; 

e.  The  pH  was  8.  55. 

7.  The  three  'short  detention  ponds'  operated  in  series  at  Stony  Plain 
gave  quite  consistent  B.O.  D.  removals  of  about  70%  during  both 
winter  and  summer  seasons.  The  removal  of  ammonia  and  phosphates 
seems  to  be  quite  low.  Microbiological  results  indicated  fairly  uniform 
concentrations  of  bacteria  and  algae  through  the  year.  The  limited 
tests  on  the  storage  pond  which  receives  the  effluent  from  these 
ponds  indicated  that  a  high  degree  of  treatment  is  accomplished 

by  combining  the  'short'  and  'long'  detention  ponds.  See  Table  IX 
on  page  72,  Part  I. 

8.  Checks  were  made  of  five  other  'short  detention'  pond  systems 
by  collecting  single  composite  samples  of  raw  sewage  and  pond 
effluent  on  four  of  them,  and  a  total  of  ten  samples  on  the  other 
one.  These  had  detention  times  ranging  from  1.9  to  10.4  days 
and  the  indicated  B.O.D.  removals  ranged  from  15.7  to  54.3%. 
Appreciable  odors  were  noted  at  two  of  these  systems,  however 
in  one  the  sulfate  content  was  high,  varying  between  650  and  1100 
p.p.m.  ,  and  at  the  other  one  a  cheese  factory  was  served  by  the 
sewerage  system.  The  optimum  detention  time  appeared  to  be 
about  five  days  on  the  basis  of  B.O.D.  reduction  in  this  survey. 

9.  It  is  interesting  to  note  that  the  numbers  of  'aerobic'  bacteria 
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and  algae  remain  at  fairly  high  levels  until  the  sewage  is  very 
highly  stabilized,  e.  g.  ,  Drayton  Valley  and  Stony  Plain  systems. 
The  'anaerobic1  bacteria  and  coliforms  decrease  in  the  'long 
detention'  ponds  in  the  summer,  but  are  at  a  high  level  during 
the  winter  and  early  spring.  There  is  no  appreciable  change  in 
these  microbiological  considerations  in  the  'short  detention' 
ponds  throughout  the  year.  The  most  sensitive  indicator  of 
pond  operation  in  the  chemical  analysis  is  the  B.  O.  D.  s,  but 
the  ammonia,  phosphates,  alkalinity  and  pH  changes  are  also 
indicative  of  the  changes  in  the  degree  of  the  sewage  treatment 
being  accomplished.  The  chlorides  are  a  good  indicator  of  the 
concentrating  effect  of  this  ice  as  is  the  total  solids  determinations. 

10.  The  observations  obtained  in  this  study  indicate  that  the  'short 
detention'  ponds  are  efficient  in  reducing  the  B.O.D.  of  sewage 
during  both  the  winter  and  summer  seasons.  A  high  concentration 
of  sulfates  and  some  industrial  wastes  may  cause  some  odor 
problems  with  these,  however  for  the  treatment  of  normal 
sewage,  odors  were  not  significant.  This  feature  is  important 
for  the  winter  operations  of  the  pond  systems,  particularly  if 

ice  cover  is  present  for  more  than  about  one  or  two  months. 

It  is  also  suggested  that  the  B.O.D.  reduction  preceding  the 
'Long  Detention  Ponds'  will  reduce  the  odors  emanating  from 
these  ponds  in  the  spring,  both  in  intensity  and  time  of  duration. 

11.  In  view  of  the  findings  of  this  study  the  Department  of  Public 
Health  is  requesting  that  the  basic  design  of  pond  systems 
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in  Alberta,  provide  four  'Short  Detention  Ponds',  each  having  a 
detention  time  of  four  days  at  the  current  sewage  flow  rate;  and 
two  'Long  Detention  Ponds',  each  having  a  detention  time  c£  at 
least  one  month  and  a  combined  detention  time  of  six  to  twelve 
months  depending  on  local  circumstances. 

Also,  consideration  is  now  given  to  the  use  of  'Short  Detention 
Ponds'  where  a  B.O.D.  removal  of  50  to  70%  is  adequate  to 
avoid  adverse  pollution  of  the  river  receiving  the  treated  sewage. 
This  study  has  been  useful  in  assisting  municipalities  to  release 
the  stored  sewage  from  the  ponds  at  the  most  opportune  time  of 
the  year.  As  the  quality  of  the  liquid  in  the  ponds  is  at  its 
poorest  level  during  the  latter  part  of  the  winter  and  early  spring, 
and  at  its  best  level  during  the  summer  and  early  fall,  maximum 
benefit  of  the  treatment  available  is  obtained  by  allowing  the  ponds 
to  overflow  continuously  during  the  summer-early  fall  seasons, 
and  draining  them  down  in  the  fall  so  that  no  overflow  is  necessary 
during  the  winter  and  early  spring  seasons.  In  some  cases,  it  is 
possible  to  gradually  drain  down  the  ponds  during  summer  and 
operate  at  a  liquid  level  of  about  one  foot  throughout  the  fall  and 
early  winter  seasons, then  storing  the  sewage  again  over  the 
winter  -  spring  seasons. 

The  general  nature  of  this  study  has  prevented  detailed  analysis  of 
certain  operating  factors  and  of  critical  loading  parameters.  It  is  planned  to 
continue  the  study  in  order  to  evaluate  the  revised  design  practise  and  to 
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carry  out  more  detailed  analysis,  particularly  of  the  actual  loading  applied 
to  the  ponds,  the  series  operation  of  the  ponds,  and  the  B.O.  D.  reductions 
in  the  short  detention  ponds. 

It  is  hoped  that  the  distribution  of  the  results  of  this  study  will 
contribute  to  the  understanding  of  the  operation  of  sewage  ponds. 


Division  of  Sanitary  Engineering. 
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SEWAGE  STABILIZATION  PONDS  IN  ALBERTA 
INTRODUCTION 

In  recent  years  sewage  stabilization  ponds  have  been  used  almost 
exclusively  as  a  means  of  sewage  treatment  in  the  smaller  communities  of 
Alberta.  This  popularity  is  due  to  a  number  of  factors  which  are  as  follows: 

1.  Low  initial  costs 

2.  Low  operating  costs 

3.  A  high  degree  of  treatment 

4.  Minimum  of  nuisance  or  offensive  odor,  and 

5.  Ease  of  operation 

Ponds  In  Alberta  also  provide  storage  for  the  sewage  flows  which 
otherwise  would  have  to  be  chlorinated  in  order  to  permit  discharge  into  a 
drainage  course  without  creating  a  health  hazard.  Sinze  this  is  an  agricultural 
province,  the  storage  prevents  the  flooding  of  farm  land  and  the  ensuing  nuisance 
which  eventually  would  bring  complaints  from  farmers. 

Out  of  the  187  communities  served  by  sewerage  systems,  114  of  them 
operate  some  type  of  ponding  for  their  sewage  treatment.  Because  of  common 
use  of  ponding,  the  Division  of  Sanitary  Engineering,  Department  of  Public  Health, 
set  up  a  research  program  to  investigate  the  principle  factors  affecting  the 
operation  of  the  ponds,  and  also  to  evaluate  the  operating  efficiencies  of  the 
various  types  of  ponding  systems  in  use  in  Alberta. 

TYPES  OF  STABILIZATION  PONDS  USED 

At  present  there  are  5  different  types  of  pond  systems  used  in  Alberta 

1.  Long  detention,  single  cell 

2.  Short  detention,  single  cell 

3.  MulticelJ.,  all  long  detention  cells 
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4.  MultLcell,  all  short  detention  cells 

5.  Combination  of  short  and  long  detention  cells 

The  choice  of  the  system  usually  Is  governed  by  the  location  of  the 
town;  that  Is,  whether  It  Is  by  a  good  drainage  course,  a  large  flowing  stream, 
or  near  a  large  slough.  Each  system  Is  discussed  briefly  herein. 

1 .  Long  Detention,  Single  Cell 

This  Is  the  predominant  type  of  pond  used  In  Alberta.  They  are  known 
as  aerobic  ponds  with  holding  periods  of  six  months  to  one  year  or  more.  Long 
period  ponding  is  used  for  towns  near  which  there  is  no  dilution  available  for 
sewage  effluents,  and  in  many  cases  where  no  well  defined  water  course  is 
available.  The  ponding  periods  are  so  chosen  that  the  ponds  can  be  drained 
twice  a  year  (usually  in  the  spring  and  fall),  or  once  a  year  without  harming 
adjacent  farm  lands. 

A  variety  of  ways  for  construction  of  the  ponds  have  been  used  with 
the  majority  being  built  as  rectangular  or  square  diked  structures  on  flat 
land.  Another  good  portion  have  been  built  following  natural  contours  or 
depressions  and  still  others  have  used  existing  sloughs. 

Treatment  by  the  long  period  ponding  has  been  found  to  be  very  good 
in  the  summers  with  B.O.D.  or  organic  material  removal  of  80  to  90%  (Lacombe), 
while  late  winter  (February  and  March)  operation  may  get  a  removal  as  low  as 
30  to  40%  (Lacombe  &  Holden). 

The  poor  winter  operation  is  mainly  affected  by  ice  cover  which  might 
be  equal  to,  or  greater  than  the  thickness  of  the  liquid  layer  portion.  Associated 
with  the  ice  cover,  and  which  also  contribute  to  the  poor  winter  operations  are 
low  temperature  and  poor  liquid  circulation  in  the  pond.  With  the  formation  of 
ice  approximately  two  feet  thick  and  a  snow  cover,  insufficient  light  penetrates 
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into  the  liquid  in  order  that  treatment' is  continued  to  the  fullest  with  the  help  of 
oxygen  producing  algae. 

2 .  Short  Detention,  Single  Cell 

Short  period  ponding  has  been  used  as  being  equivalent  primary  treat¬ 
ment  (screening  and  settling)  where  a  constant  discharge  from  the  pond  is 
feasible,  as  for  example  in  the  case  of  the  pond  discharging  into  a  running 
stream  or  fairly  large  lake.  The  ponds  produce  an  effluent  very  low  in  settle  able 
solids  and  with  a  much  lower  B.O.D.  than  the  effluent  from  primary  settling  tanks. 

These  ponds  are  known  as  anaerobic  ponds  and  their  use  has  increased 
lately  because  of  favourable  results  obtained  on  their  operation.  These  ponds 
removed  a  high  percentage  B.O.D.  and  suspended  solids  per  unit  area.  Depths 
of  greater  than  five  feet  are  common  as  sunlight  does  not  increase  efficiencies. 

The  data  shows  that  under  ice  and  snow  covers,  the  same  B.O.D.  removals  were 
obtained  as  in  the  summer,  open  water  periods  (Stony  Plain  &  Daysland). 

Very  good  B.O.D.  removals  by  short  period  ponding  were  obtained 
(see  table  below)  in  all  cases  where  depth  of  4  feet  to  8  feet  were  used.  Two 
Hills,  where  depths  of  18  feet  and  10  feet  are  present  for  ponds  #1  and  2  respec¬ 
tively  showed  lower  removals  for  approximately  the  same  detention  time  as  other 
ponds.  The  18  foot  deep  pond  with  a  removal  of  15.65  is  low  when  compared  to 
the  others  with  removals  of  30  to  45%  with  detention  periods  of  1  to  12  days. 

Depths  up  to  10  feet  and  detention  periods  up  to  10  days  are  recommended 
for  best  design  and  efficiency  of  these  short  detention  ponds.  One  of  the  first  to 
be  installed  in  Alberta  (Warner)  was  designed  soley  to  replace  the  septic  tank. 

This  type  of  arrangement  has  been  used  in  Aust  ralia  v  with  success. 

*  Sewage  and  Industrial  Wastes  22,760-75  June,  1950 

Sewage  and  Industrial  Wastes  31,133-52  February,  1959 

Public  Health  Engineering  Abstracts  -  August,  1950,  VolXXX  No.  8 
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TABLE  I 

Table  of  Short  Detention  Ponds  &  Performance 


Town 

Detention  Time  ,  Davs 

Depth,  Ft.  B.O. 

D.  Removal  % 

Calmar 

4.65 

4 

54.3 

60.2 

7 

38 . 8  (winter) 

*Daysland 

6.2 

6 

47.8 

Myrnam 

11.7 

6 

30.5 

24.2 

4 

8.0 

*  Stony  Plain  0.93 

5 

33.4 

0.93 

5 

32.2 

2.6 

5 

30.7 

Thorsby 

10.35 

8 

42.2 

Two  Hills 

1.9 

18 

15.7 

1.05 

10 

21.4 

*  Indicates 

regular  sampling  points 

while  all  others  are 

spot  che cks . 

3.  Multicell,  All  Long  Detention 

This  type  of  system,  two  or  more  ponds  in  series,  is  present  in 
Alberta  in  a  minority,  with  only  5  towns  operating  such  a  system.  One  of 
these,  at  Drayton  Valley,  was  observed  and  studied  throughout  the  year  and 
another  at  Fairview,  had  only  a  spot  check  done  on  it  in  the  summer  of  1959. 

The  Drayton  Valley  system  consisting  of  3  ponds  in  series,  operated 
very  efficiently  in  the  summer  with  a  B.O.D.  removal  of  91.2%  and  the  winter 
operation  was  somewhat  lower  with  a  removal  of  only  64.  5%.  A  continuous  over¬ 
flow  is  permitted  in  the  summer  and  a  draw  down  in  the  fall  makes  it  possible  to 
store  the  winter  flow. 

The  rapid  expansion  of  the  Town  of  Drayton  Valley  necessitated  further 
sewage  treatment,  thus  additions  were  made  to  the  pond  giving  the  present  system. 

The  lone  Fairview  sample  had  a  low  B.O.D.  of  40  ppm  ,  thus  showing 
a  very  good  treatment.  Unlike  Drayton  Valley,  Fairview  had  no  suitable  drainage 
course  making  it  necessary  to  store  the  sewage  flow  and  release  it  at  suitable 


times  of  the  year. 
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4.  MultLcell,  All  Short  Detention 

A  system  of  this  type  is  not  too  common  in  Alberta.  Up  until  the 
summer  of  19  59  Stony  Plain  operated  one  of  these  systems  which  consisted  of 
three  ponds  in  series.  They  operated  very  efficiently  throughout  the  summer 
and  winter  with  a  total  removal  of  approximately  70%  with  each  pond  as  a  single 
unit  removing  approximately  30%.  At  no  time  were  there  any  odors  present  at 
distances  of  100  feet  away. 

Two  Hills  operates  a  system  of  this  type,  but  only  two  ponds  in  series 
are  present  with  depths  of  18  and  10  feet  for  ponds  #1  and  2  respectively.  A 
spot  check  of  the  system  showed  that  the  first  pond  had  a  low  efficiency  of 
15.7%  for  1.0  5  days  detention  period  and  the  second  pond  was  somewhat  better 
with  an  efficiency  of  21.4 %  for  1.9  days  detention.  It  is  quite  possible  that  only 
the  top  5  feet  or  so  does  the  effective  treatment  because  of  the  top  side  inlet 
present. 

5.  Combination  of  Short  and  Long  Detention  Ponds 

In  number  of  installations  this  system  of  ponding  is  next  after  the  single 
cell,  long  detention  ponds.  Recent  work  shows  favourable  results  obtained  on 
the  corribination  and  recommendation  for  the  use  of  these  in  present  and  future 
installations  are  being  made. 

There  are  two  main  reasons  for  using  this  combination;  firstly,  three 
short  detention  ponds  in  series  under  anaerobic  conditions  will  give  a  B.O.D. 
removal  of  up  to  70%  (Stony  Plain)  and  secondly,  a  six  month  or  one  year 

j^Q pond  will  give  additional  treatment  plus  storage.  This  further  treatment 
gives  an  effluent  equivalent  to  tertiary  treatment  in  the  summer  (Stony  Plain 
with  a  removal  of  98%)  and  in  the  winter  an  equivalent  to  secondary  treatment. 
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SAMPLING  OF  THE  POND  AND  RAW  SEWAGE 

The  sampler,  as  described  in  Standard  Methods  ,  10th  Edition,  on 
pages  250  and  251,  was  used  for  the  ponds.  The  samples,  where  convenient, 
were  collected  at  the  effluent  of  the  ponds  and  also  from  constructed  rafts 
(Holden  &  Lacombe)  in  the  summer.  Winter  sampling  was  done  mostly  through 
the  ice  with  the  sampler. 

At  the  time  of  sampling,  dissolved  oxygen,  time,  temperature,  weather 
and  pH  were  recorded  and  also  any  other  oddities  which  were  not  too  numerous. 

Composite  raw  sewage  samples  were  collected  manually  at  intervals 
of  two  hours  from  7:00  a.m.  to  11:00  p.m.  inclusive.  The  samples  were 
collected  at  manholes  close  to  ponds  or  at  lift  stations  if  one  was  present.  Sample 
sizes  were  judged  by  the  depth  of  flow  in  the  outfall  sewer  for  gravity  flows,  and 
where  lift  stations  were  used  by  the  length  of  time  to  fill  the  wet  well  for  pumping. 

As  most  of  the  towns  where  sampling  was  done  are  within  a  one  hundred 
mile  radius  of  Edmonton,  there  was  no  excessive  delay  in  the  analysis  of  any 
of  the  samples . 

MEASUREMENTS  OF  SEWAGE  FLOWS 

The  following  four  methods  of  sewage  flow  measurements  were 

used: 

1.  Recording  ammeter 

2.  M annual  timing  of  pumping  and  fill  up  time  for  the  wet  well 

3.  Salt  dilution 

4.  90°  V-Notchweir 

In  obtaining  a  total  flow  for  a  24  hour  period,  the  first  two  methods  are 
quite  accurate  while  the  last  two  methods  may  be  questionable  because  they  are 
only  spot  checks  of  the  flow.  A  metering  device  for  the  weir  would  increase  the 
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accuracy  to  that  of  the  first  two  methods. 

The  first  two  methods  can  be  used  only  where  a  lift  station  is  operated, 
while  the  last  two  can  be  used  only  where  gravity  flow  is  employed. 

1 .  Recording  Ammeter 

This  device  is  operated  by  simply  placing  a  special  clamp  around  a 
single  insulated  power  inlet  wire  to  the  motor  of  the  pump.  Each  time  the  motor 
starts,  the  current  in  the  wire  induces  the  clamp  so  that  it  records  the  amperage 
and  the  running  time  on  the  recorder  and  when  it  stops,  the  current  drops  to  zero. 
By  simply  measuring  the  time  of  each  operation,  a  very  accurate  flow  rate  is 
obtained  for  any  length  of  time  the  recorder  is  left  in  operation. 

2.  Manual  Timing 

This  method  is  simply  recording  the  time  it  takes  to  fill  up  the  wet  well  of 
the  lift  station  and  also  recording  the  pumping  time.  With  this  information,  a 
very  accurate  flow  rate  can  be  obtained. 

3.  Salt  Dilution 

For  this  method,  an  approximate  flow  rate  was  calculated  of  the  town 
so  that  an  estimate  of  the  required  sodium  chloride  solution,  which,  when 
diluted  down  by  the  flow,  would,  give  a  difference  of  100  ppm  of  chloride. 

This  measurement  was  carried  out  between  two  manholes.  At  the  first 
manhole,  a  definite,  constant  head,  flow  rate  of  the  salt  solution  was  dripped 
into  the  flowing  sewage.  At  the  second  manhole,  an  initial  chloride  sample  was 
collected  and  subsequent  samples  at  intervals  of  one  minute  were  collected  until 
such  a  time  that  the  chloride  content  was  constant.  A  measurement  of  the  salt 
solution  at  the  start  and  end  of  the  run  gave  an  average  flow  over  this  period  of 
time.  A  simple  material  balance  gives  you  the  flow  rate  at  this  particular  time. 

A  number  of  these  were  run  throughout  the  day  and  it  made  it  possible 
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to  obtain  to  some  degree  of  accuracy  the  total  flow  for  the  day. 
4.  Weir  Measurements 


A  weir  which  was  specially  constructed  to  fit  into  a  manhole  was  used 
in  measuring  the  flow.  Levelling  devices  on  the  weir  were  used  so  that 
accurate  measurements  could  be  made  at  specified  distances  for  weirs. 

An  equation  was  used  to  calculate  the  flow  and  with  a  number  of 
measurements  it  made  it  possible  to  obtain  some  degree  of  accuracy  for  the 
total  flow  in  the  day. 

This  method  if  simpler  to  operate  than  the  salt  dilution  and  with  the 
addition  of  a  metering  device,  the  accuracy  would  be  just  as  great  as  the  first 
two  methods . 


GENERAL  LOADINGS  AND  FLOWS 


TABLE  II 

Sewage  Water 


Population 


B  .  O .  D .  Suspended  Solids  Flow  Consumption 


Town 

Served 

ppm . 

lbs/  cap  /  day 

Bruderheim 

220 

394 

0.358 

Drayton  V. 

2800 

302 

0.261 

Holden 

450 

485 

0.308 

Lacombe 

2835 

338 

0.132 

Myrnam 

420 

236 

0.0645 

Stony  Plain 

1040 

33  5 

0.245 

Two  Hills 

800 

294 

0.195 

Average 

341 

0.223 

ppm. 

lbs/ c/ day 

g.  p.  c.  d. 

g.p. c. 

360 

0.327 

91.0 

532 

0 . 462 

86.  3 

76.8 

477 

0.302 

63 . 4 

44.  5 

204 

0.080 

39.1 

40.2 

193 

0.053 

27.4 

19.  1 

329 

0.240 

73.0 

68 . 6 

214 

0.  142 

66 . 2 

33.5 

330 

0.229 

63.8 

47.  1 

Indicated  on  Table  II  are  the  averages  for  B.O.D.  suspended  solids, 
sewage  flows  and  water  consumption  figures  for  seven  towns  in  Alberta.  These 
are  indicative  of  the  range  of  values  which  may  be  encountered,  and  the  average 


value s  for  design  purposes,  if  specific  information  is  not  available. 


. 


t'  Hi  Vf  r  JIT  R  0  )  O  V  )I/T  '10-?  V  '  ->S>q  *W  >  &  ?  '  1  S>  X  A 


■ 


v  •:  ad  ti>oo  iv  nsii  u  act  stau/DOB 


oq  Ji  snr  :!  a  n^maii/ajsa/n 


. 

OS* 

JmoDBd 


{I  nt  °  *’*v  18  loi  cToljqnu^noo  tsfcw  bxvs  a woH  9gnvr*a 

B  ibni  **r.6 


9 


SUGGESTED  OPERATING  CONSIDERATIONS 

There  are  a  number  of  general  operating  and  maintenance  considerations 
required  in  operating  a  ponding  system.  Upon  completion  of  the  construction , 
any  uneven  ground  on  or  near  the  berms  should  be  levelled  and  the  berms  sown 
into  grass  to  the  water  line.  Use  a  grass  of  a  type  that  will  prevent  erosion  of 
the  soil  used  for  construction.  The  grass  should  be  mowed  periodically  and 
the  weeds  sprayed. 

A  stock-tight  fence  should  be  built  and  kept  in  good  repair  around  the 
ponds.  This  will  prevent  larger  farm  animals  from  tramping  down  the  berms 
and  causing  a  possible  overflow  at  a  weakened  point.  Appropriate  signs  should 
be  provided  to  designate  the  nature  of  the  facility. 

Inspect  the  berms  periodically  and  repair  them  immediately  when 
needed  in  order  that  greater  problems  are  not  created.  Burrowing  animals  should 
be  controlled,  since  they  may  weaken  the  berm  structure  and  may  possibly  plug 
overflow  lines. 

The  bottom  of  the  ponds  should  be  level  which  will  prevent  mounds  of 
dirt  covered  with  sludge  from  showing  and  releasing  odors  when  the  pond  is 
drained.  Destroy  all  vegetation  growth  in  the  ponds  to  prevent  insect  propogation 


such  as  mosquitoes. 
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TYPICAL  DESIGN  CONSIDERATIONS  FOR  SHORT  AND  LONG  DETENTION  PONDS 

TABLE  III 


Structure 


Short  Detention 


Long  Detention 


Number  of  ponds  in  series 
Capacity,  detention  time 


4 

4  days 


over  3  acres  -  2  ponds 
6  months  or  1  year 


Depth,  feet 

5  -  10 

3-5 

Freeboard,  feet 

2 

2 

Berms:  Width  at  top,  feet 

Slopes  (minimum) 

Vertical  to  Horizontal 
Inside,  Submerged 

5 

10 

Clean  sand  or  gravel 

1:2 

1:2 

Clean  clay 

1:15 

1:15 

Mixture  s 

1:3 

1:3 

Inside  &  Outside,  Non- submerged 

Clean  sand 

1:1.5 

1:1.5 

Clean  gravel 

1:1.33 

1:1.33 

Clean  clay 

1:1.75 

1:1.75 

Mixture  s 

1:1.5 

1:1.5 

Inlet  Sewer 

2/3  of  depth  down 

Along  bottom  of 

and  end  of  outfall 

pond,  but  not 

2T  or  3*  into  pond. 

necessarily  to 
center  if  short 
detention  ponds 
pre  sent . 

Overflow 

Either  a  line  from 

Final  effluent 

top  to  depths  as 

from  near 

above  or  through 

bottom  and  into 

a  baffled- gravel 

drainage  course 

or  rock  lined 

with  level  con¬ 

ditch  or  concrete 

trol  and  also  an 

flume . 

overflow  struc¬ 
ture  provided. 

Berm  structure  will  be  solely  governed  by  the  presence 

of  the  type  of 

soil  in  the  area.  If  the  native 

soil  is  porous  and  there  is  a  dange 

r  of  pollution 

of  the  underground  waters  or 

other  damage  by  seepage,  the  entire  ponds  should 

be  made  water  tight.  The  berms  should  be  sown  in  grass  down  to  the  water  line 

and  maintained  as  previously  described. 


1  v  1 
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The  ponding  system  should  be  located,  if  possible,  so  that  any  odors  are 
not  carried  to  the  community  or  other  residences  by  prevailing  winds.  They 
should  be  a  minimum  of  one  “half  mile  from  the  community  boundary,  one- 
quarter  mile  from  any  other  residences  and  no  less  than  100  and  preferably  300 
feet  from  any  road  or  railroad.  This  reasonable  isolation  is  necessary  as  ice 
coverage  results  in  anaerobic  conditions  in  long  detention  ponds  during  the 
winter  and  some  odor  potential  is  present  during  the  transition  period  from  ice 
cover  to  open  water.  Also  the  short  detention  ponds  are  anaerobic  throughout 
the  year  and  give  off  some  odor.  All  surface  drainage  from  adjacent  areas 
should  be  excluded  and  proximity  of  ponds  to  water  supplies  and  known  water 
aquifers  should  be  critically  evaluated  in  accordance  with  sound  sanitary  • 
practices . 

CONCLUSIONS  AND  GENERAL  PLAN 

In  concluding  the  research  project,  it  was  found  that  a  general  design 
could  be  recommended  from  the  observations  and  results  obtained. 

The  operation  of  short  detention  ponds  in  this  part  of  the  country  where 
ice  cover  is  present  from  November  to  April  was  found  to  be  very  favourable 
throughout  the  year.  This  is  due  to  the  fact  that  the  short  detention  ponds 
operate  under  anaerobic  conditions  throughout  the  summer  and  no  changeover 
occurs  when  an  ice  cover  is  obtained,  as  is  the  case  for  aerobic  or  long  detention 
ponds . 

It  was  also  found  that  a  high  B.O.D.  and  suspended  solids  removals 
were  obtained  per  unit  area  providing  that  the  sludge  from  the  pond  was  removed 
periodically  when  necessary.  If  the  sewage  flow  was  allowed  to  channel  through  the 
sludge  filled  pond,  it  would  be  defeating  the  purpose  for  which  the  pond  operates 
and  would  also  fill  up  subsequent  short  detention  ponds  as  the  channelling  would 
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carry  over  suspended  solids  in  the  raw  sewage. 

Depths  for  the  short  detention  ponds  of  five  to  ten  feet  are  recommended 
unless  the  influent  line  is  some  distance  below  the  surface  of  the  pond  in  which 
case  depths  of  greater  than  ten  feet  could  be  used. 

The  ponding  system  which  is  recommended  is  a  combination  of  short 
and  long  detention  ponds  in  series.  The  anaerobic  section  would  consist  of  a 
minimum  of  three,  3  to  5  day  detention  ponds  in  series,  while  the  aerobic 
section  would  consist  of  two  3 “month  or  two  6= month  detention  ponds  depending 
on  the  location  of  the  town.  The  purposes  of  the  aerobic  section  would  be; 
firstly,  for  storage  and  secondly  for  further  treatment.  If  a  proper  drainage 
course  is  absent,  detention  time  of  one  year  is  required  and  then  drawn  down 
at  the  convenience  of  the  town  and  surrounding  farmers  who  might  be  incon  = 
venienced.  Six  months  detention  should  be  installed  where  a  well  defined 
drainage  course  is  present,  thus,  allowing  two  draw  downs  a  year  usually  in 
the  spring  and  fall,  or  one  drawdown  in  the  fall  and  a  continuous  overflow 
during  the  summer. 

A  single  long  detention  pond  will  be  permitted  up  to  three  acres. 

Beyond  this  size  the  pond  should  be  broken  into  two  equal  sized  sections  up 
to  a  reasonable  limit  of  size. 

The  anaerobic  ponds  should  be  built  in  an  isolated  area  (as  previously 
described)  and  should  have  stable  submerged  slopes.  The  isolation  will  prevent 
an  odor  nuisance  which  generates  in  small  amounts  from  the  anaerobic  ponds. 
The  overflow  should  have  some  type  of  skimmer  to  prevent  the  passage  of 
floating  material  from  one  pond  to  the  next. 


■ 


♦rr-  8  91C  9;  i/o  >  ^9  lianb 


•  1,0  '  b-  -8  :■  no  r  .  „  ib  mf«  :  roq  -»dl  ;  ,  b,  ,*  a 

' 


•»xie  lo  htnil  *!<  rnoa^st  &  oJ 


* 


13 


A  fourth  short  detention  pond  could  be  used  so  that  it  could  be 
alternated  with  another  into  which  raw  sewage  would  flow.  This  would 
allow  the  sludge  to  digest  thoroughly  before  being  removed.  The  sludge 
could  be  disposed  of  by  either  placing  by  the  pond  and  allowing  it  to  dry 
completely  and  then  spreading  it  on  a  field  or  it  can  be  spread  wet  on  the 
fields . 

It  is  believed  that  by  this  complete  method  of  sewage  treatment, 
pollution  and  health  hazards  will  be  kept  to  a  minimum  and  flooding  of 
farmland  will  be  prevented. 
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SCHEMATIC  LAYOUT  OF  SHORT  DETENTION  PONDS 


^  Flow  route  during  1st  year.  Detention  Time:  4  days 

^  Flow  route  during  2nd  year.  B.O.D.  Loading:  600  to  5000  lbs  . /acre /day . 


SCHEMATIC  LAYOUT  OF  LONG  DETENTION  PONDS 


Detention  Time:  3  or  6  months  in  each  section. 

B .  O.  D.  Loading:  not  to  exceed  60  lbs .  / acre /day. 


Figure  I 
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OPERATION  OF  INDIVIDUAL  PONDS 

BRUDERHEI.M 

The  Bruderheim  sewage  pond  of  3.67  acres,  serving  a  population  of 
220  people,  receives  a  raw  domestic  sewage  from  a  community  which  uses 
individual  private  water  wells.  It  also  serves  a  cheese  factory,  producing 
855  lbs.  of  cheese  per  day.  Most  of  the  whey  is  taken  by  the  farmers  and  the 
main  waste  is  from  the  washing  of  vats  (the  cheese)  and  the  floor  of  the  factory. 

Studies  on  this  pond  were  begun  on  May  21st,  1958  and  terminated 
on  January  5th,  I960.  A  composite  raw  sewage  sample  was  collected  during 
a  24  hour  period  on  August  26th  and  27th,  1959,  and  during  this  period, 
measurements  of  the  flow  were  made  by  the  salt  dilution  method. 

The  B.O.D.  s  of  the  pond  were  found  to  be  high  for  the  summers  of 
19  58  and  1959  with  an  average  of  465  ppm  and  the  ice  cover  B.O.D.  ’s  were 
also  high,  with  an  average  of  888  ppm.  The  summer  B.O.D.  average  of  465 
ppm  is  considerably  higher  than  the  raw  sewage.  B .  O.  D.  of  394  ppm  obtained 
on  the  particular  day  of  sampling.  With  the  presence  of  a  cheese  factory 
which  puts  washings  of  the  cheese  into  the  sewer,  it  is  quite  possible  that  a 
sample  of  the  washings  was  missed  as  sampling  was  carried  out  every  two 
hours^  thus,  giving  a  B.O.D.  lower  than  the  actual. 

Cheese  washings  contain  approximately  20  per  cent  of  the  vh  ey  because 
it  cannot  be  completely  drawn  from  the  cheese  in  the  processing.  This 
information  and  the  average  B.O.D.  contribution  per  capita  can  be  used  in 
calculating  a  possible  raw  sewage  B.O.D.  rather  than,  considering  the  394  ppm 
value  obtained.  The  following  is  an  example  of  a  possible  raw  sewage  B.O.D. 
for  a  flow  of  20,000  gallons  per  day. 


ic  to '  yd  h  rr,  '  - 


t  iqq  88f<  1«  jv;  c  r  w  ,i  girt  oali 

lodg'd  v  d «■>  t  ai  1  rroo  a  i  mqq 

- 


9r0  to  6  iriisw  t  i/q  do  id w 
^  agnidajsw  s  l  to  alqrnsa 


9HL'.«3«ci  y*  xW  *rli  to  )ti9!  I9q  OS  yldtBrfitxoTqqi  r 


16 


Contributions  per  day  by  the  town: 


Average  B.  O.  D.  contribution  -  -  -  0 . 223  lbs  . /capita/day 

B.O.D.  contribution  by  220  people  -  -  49.0  lbs. /day _ 


Total  whey  -  90%  total  milk 
20%  whey  in  washings 
B.O.D.  of  whey 
B.O.D.  contribution  by  whey 


-  51,750  ppm 

79 . 7  lbs  .  / day 


7700  lbs. day 
1 540  lbs .  / day 


Total  contribution 


128.7  lbs. /day 


B.O.D.  for  20,000  gal. /day 


644  ppm 


The  calculated  B.O.D.  would  give  a  summer  removal  of  26.4% 


which  is  quite  low  and  the  winter  average  of  888  ppm  is  still  above  the 
calculated  B.O.D.  of  632  ppm.  It  is  possible  that  in  the  winter  the  total 
whey  coupled  with  the  freezing  would  bring  the  B.O.D.  of  the  pond  to  a  very 
high  value . 

A  strong  odor  had  been  present  near  the  pond  throughout  the  summers 
of  1958  and  1959  and  at  the  same  time  the  total  and  ammonia  nitrogens 
remained  at  a  high  concentration.  Samples  from  beneath  the  ice  gave  high 
odors  of  sour  milk  or  creame ry  wastes ,  and  also  high  B.O.D.  's  with  a 
maximum  of  2160  ppm  on  March  10th,  1959.  Increases  were  also  recorded 
in  alkalinities ,  phosphates,  chlorides  and  total  solids  while  the  pH  dropped 
below  7.0  which  is  the  only  case  observed  during  the  study  for  any  of  the  long 
detention  ponds. 


Jar  tests,  carried  out  in  the  summer  of  1958,  using  sodium  nitrate, 


ammonium  nitrate  and  phosphates  did  not  indicate  definite  improvements  in 
odor  levels.  Assuming  that  a  full  pond  with  a  continuous  overflow  for  the 
summer  of  19  59  would  improve  conditions,  it  was  not  drawn  down  in  the 
spring  of  1959,  but  once  again  the  odors  were  quite  appreciable. 
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The  pond  is  regularly  operated  with  two  draw  downs  per  year,  one  in  the 
spring  and  one  in  the  fall. 

Analysis  in  ppm  of  the  composite  sample  of  water  from  three  individual 


wells  in  the  Village  of  Bruderheim: 

Total  Solids 

650 

Ignition  Loss 

132 

Hardness 

270 

Sulphate  s 

104 

Chloride  s 

24 

Alkalinity 

40  5 

Nature  of  Alkalinity 

Bicarbonate  of  soda,  lime  and  magnesium 

Nitrites 

T  race 

Nitrates 

3.9 

Iron 

0.8 
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BRUDERHEIM 


POPULATION  °  315  Serving  Approximately  -  220 

Water  Consumption  -  Individual  water  supplies 
Sewage  Flow  -  20,000  gals. /day 

Number  of  Connections  -  57 


SIZE  OF  POND: 

Dimensions 

Area 

Capacity  @  4  ft. 
Detention  Time 


-  400  ’  by  400’ 

=  3 . 67  acres 

depth  -  4.0  million  gals. 

-  200  days 


LOADING: 


21. 5  lbs.  B .  O.  D. /acre /day 

B .  O.  D.  Contribution  per  Capita  -  0.358  lbs.  / day 
Sewage  Flow  per  Capita  “91  gals. /day 


SKETCH  OF  BRUDERHEIM  SEWAGE  POND 


Figure  II 


Scale:  1"  -  100' 

*  Indicates  Sample  Point 
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C  A  L  M  A  R 

The  pond  system  at  Calmar  serves  a  population  of  approximately 
600  people,  as  well  as  a  school  enrollment  of  526  students,  of  which  268 
are  from  out  of  town.  The  creamery,  which  produces  approximately  1650 
lbs.  of  butter  and  bottles  about  1180  lbs.  of  milk  per  day,  also  uses  this 
pond  system.  The  waste  material  from  the  creamery  consists  mostly  of 
washings  from  the  vats  and  churns  used  for  their  processes  as  the  butter¬ 
milk  is  taken  by  the  surrounding  farmers. 

This  system  consists  of  two  ponds,  has  a  total  detention  period 
of  64.85  days,  with  the  first  pond  having  a  detention  time  of  4.65  days  and 
the  second  60.2  days,  thus  giving  a  ratio  of  approximately  1:13  in  volume. 

A  spot  check  was  made  of  the  pond  system  at  Calmar  on  December 
23rd,  1959,  and  a  composite  raw  sewage  sample  was  collected  in  a  24  hour 
period  on  December  22nd  and  23rd  19  59.  Measurements  of  the  flow  were 
taken  throughout  this  period  of  time  with  a  specially  designed  90  degree 
V-notch  weir. 


Raw  Sewage 

Pond  No.  1 

Pond  No 

B  .  O .  D .  ppm 

615 

281 

172 

pH 

00 

e 
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7.55 

7.8 

Alkalinity,  ppm 

815 

880 

1065 

Millivolts 

-68 

-42 

-60 

Odo  r,  T  .  O .  N . 

*=* 

o» 

Total  Solids , 

Total 

1940 

1526 

1594 

ppm 

Volatile 

627 

260 

216 

Fixed 

1313 

1266 

1378 

Suspended  Solids 

Total 

452 

86 

37 

ppm 

Volatile 

3  56 

79 

34 

Fixed 

96 

7 
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Dissolved  Oxygen, 

ppm 
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Temperature  ,  °C 
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Considering  the  analysis,  the  first  pond  gives  a  reduction  of  54.  3% 
in  B.  O.D.  and  the  second  pond  gives  an  additional  17.7%  for  a  total  of 
72%.  These  figures  represent  a  very  interesting  situation,  and  as  seen 
above,  the  biggest  reduction  occurs  in  the  short  detention  first  pond. 

At  the  time  these  samples  were  taken,  winter  conditions  existed  thus 
putting  more  emphasis  on  the  efficiency  of  short  detention,  ponds  as 
sewage  disposal  systems. 

Efficiency  of  short  detention  ponds  is  a  definite  asset  in  considering  a 
age  pond  system  design.  This  efficiency  will  be  shown  in  most  of  the 
other  towns  where  tests  were  carried  out  on  the  short  detention  ponds. 

Water  analysis  in  ppm  of  the  town  of  Calmar  supply  from  wells. 
Average  of  samples  taken  on  January  15th,  1958  and  September  9th,  1959. 


Total  Solids 

1104 

Ignition  Loss 

57 

Hardness 

81 

Sulphate  s 

258 

Chloride  s 

10 

Alkalinity 

580 

Nature  of  Alkalinity 

Bicarbonate  of  soda 

Nitrites 

Nil 

Nitrates 

Nil 

Iron 
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CALMAR 


POPULATION  -  738 


Serving  Approximately  -  600 


Water  Consumption 
Sewage  Flow 
Number  of  Connections 


-  24,000  gals. /day 

-  3  5,100  gals. /day 

-  178 


SIZE  OF  PONDS: 


Dimensions  -  Pond  #1  -  50’  by  135’ 

-  Pond  #2  -  109’  by  445' 


Area 


-  Pond  #1  -  0.155  acres 
=  Pond  #2  -  1.11  acres 


Capacity 


-  Pond  #1  @  4  ft.  depth  -  0.162  5  million  gals. 

-  Pond  #2  @  7  ft.  depth  -  2.115  million  gals. 


Detention  Time  -  Pond  #1 

-  Pond  #2 


4.65  days 
60 . 2  days 


LOADING: 

■=  Pond  #1  =  1390  lbs.  B .  O.  D. /acre/day  or 
348  lbs.  B .  O.  D. /acre=ft. /day 

-  Pond  #2  -  89  lbs.  B .  O.  D. /acre/day  or 

12.7  lbs.  B .  O.  D. /acre-ft. /day 


B.O.D.  Contribution  per  Capita  -  0.360  lbs. /day 
Sewage  Flow  per  Capita  -  58.5  gals. /day 
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DAYSLAND 

The  short  detention  pond  at  Daysland  receives  a  raw  domestic  sewage 
from  a  served  population  of  approximately  350  people  and  a  school  population 
of  3  50  students  of  which  210  are  from  the  country.  The  usual  number  of 
business  places  are  connected,  with  the  addition  of  a  creamery.  This 
creamery  produces  approximately  1100  lbs. /day  of  butter  which  is  not 
washed  at  this  site.  The  only  waste  material  from  the  creamery  comes 
from  the  washing  of  the  vats  and  churns  as  the  buttermilk  is  taken  by  the 
surrounding  district  farmers. 

This  single  pond  of  0.0575  acres  in  size  has  a  detention  time  of 
6.2  days.  Studies  on  this  system  commenced  on  September  16th,  1958 
and  terminated  on  January  27th,  I960. 

Excluding  the  B.O.D.  of  653  ppm  on  November  18th,  1958,  the 
average  B.O.D.  of  the  final  effluent  was  362  ppm  between  September 
16th ,  1958  and  January  27th,  I960.  Considering  the  raw  sewage  B.O.D. 
to  be  702  ppm  as  of  the  24  hour  composite  sample  taken  on  May  27th  and 
28th,  1959,  the  efficiency  or  pe rcentage  reduction  was  48.5%.  Considering 
that  this  is  a  single  pond  system  and  only  6.2  days  detention,  the  efficiency 
is  quite  good.  With  this  result  it  is  quite  possible  to  assume  that  if  other 
short  detention  ponds  were  present  in  series,  the  reduction  of  the  B.O.D. 
would  be  in  the  same  percentage  range  for  each  pond  thus  bringing  the 
B.O.D.  value  to  a  low  figure. 

As  indicated  on  the  data  sheet,  the  pH,  alkalinity,  total  and  ammonia 
nitrogen  total  and  suspended  solids,  chlorides,  sulfates  and  phosphate  s  were 
at  the  same  level  throughout  thewhole  sampling  period.  The  high  sulfate 
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content,  which  is  present  in  the  water  wells  in  town,  had  a  definite  effect 
upon  the  odor  nuisance  in  the  general  area  of  the  pond  through  the  year. 
This  odor  was  a  distinct  hydrogen  sulfide  or  rotten  egg  type  which  quite 
possibly  came  from  the  reduction  of  the  sulfate  compound  to  the  sulfide. 

Analysis  in  ppm  of  the  composite  sample  of  water  from  individual 
wells  in  the  town  of  Daysland: 


Total  Solids 

1574 

Ignition  Loss 

122 

Hardness 

210 

Sulphates 

510 

Chlorides 

14 

Alkalinity 

595 

Nature  of  Alkalinity 

Bicarbonate  of  soda,  lime  and  magnesium 

Nitrites 

Nil 

Nitrates 

Nil 

Iron 

0.3 
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DAYSLAND 


POPULATION  -  507 


Serving  Approximately  -  350 


Water  Consumption 
Sewage  Flow 
Number  of  Connections 


Individual  water  supplies 
1 5, 040  gals .  / day 
100 


SIZE  OF  POND: 


Dimensions 

Area 

Capacity  @  6  ft.  depth 
Detention  Time 


50'  by  50' 

0. 0575  acres 
0.09345  million  gals. 
6. 2  days 


LOADING: 


2,  620  lbs.  B .  O.  D. /acre /day  or 
455  lbs.  B.  O.  D.  /acre-ft.  day 
B.O.D.  Contribution  per  Capita  -  0.302  lbs. /day 
Sewage  Flow  per  Capita  -  43  gals,  /day 
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DRAYTON  VALLEY 

The  sewage  pond  system  at  Drayton  Valley  consists  of  three  long 
detention  ponds  in  series.  They  receive  a  raw  domestic  sewage  from 
a  served  population  of  approximately  2800  people  and  the  usual  number 
of  business  places.  There  are  no  unusual  commercial  industries  connected 
which  would  greatly  overload  the  pond  system.  It  also  serves  a  school 
population  of  900  students  of  which  only  150  are  from  out  of  town. 

Studies  on  this  system  began  on  October  7th,  1958  and  terminated 

i 

on  February  9th,  I960.  A  composite  raw  sewage  sample  was  collected 
in  a  24  hour  period  on  September  15th  and  16th,  1959,  and  during  this 
time,  measurements  of  the  flow  were  made  by  the  use  of  a  strong  salt 
solution. 

There  was  a  definite  difference  between  summer  and  winter  operations 
of  these  ponds  as  indicated  on  the  data  sheets.  For  pond  #1,  the  average 
summer  B .  O.  D.  was  80  ppm ,  thus  giving  a  reduction  in  B .  O.  D.  of  73 . 5%, 
and  the  winter  B.O.D.  was  132  ppm,  giving  a  reduction  of  56.3%.  An 
insufficient  number  of  samples  of  the  effluent  from  pond  #2  prevented  a 
complete  pond  by  pond  reduction  study  of  the  B.O.D.  The  final  effluent 
had  a  B.O.D.  of  25  ppm  and  107  ppm  in  the  summer  and  winter  respectively, 
thus  giving  an  additional  reduction  of  17 .7%  and  8.2 %  to  bring  the  total 
to  91.2%  and  64.5%  for  summer  and  winter  operations  respectively. 

If  the  influent  and  effluent  of  ponds  2  and  3  respectively  were  considered, 
this  would  give  reductions  of  68.8%  and  18.9%  for  summer  and  winter 
reductions  respectively  across  these  two  units  of  the  ponds. 

The  above  figures  show  that  the  summer  operation  of  the  pond  system 
(91.2%  reduction)  is  better  than  the  winter  operation  (64.5%  reduction). 
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This  three  pond  system  operatesmore  efficiently  in  the  winter  and  summer 
when  compared  to  the  single  long  detention  lagoon  system  at  Lacombe . 

As  indicated  on  the  data  sheets,  there  is  a  definite  increase  in  pH, 
and  decreases  in  alkalinity  and  the  total  and  ammonia  nitrogens  for  the 
summer  samples,  with  the  exact  opposite  occurring  in  the  winter  samples. 

There  were  no  odors  in  the  general  area  around  the  ponds  throughout 
the  summer  and  fall,  but  during  the  spring  thaw  some  odors  were  noticed. 


This  slight  odor  can  be  expected  wi 
of  time  for  recovery  in  the  spring  of 

Pond  #  1  °  3  weeks 

Analysis  in  ppm  of  the  Drayton 
Sample  taken  on  August  24th,  1957. 
Total  Solids 
Ignition  Loss 
Hardness 
Sulphate  s 
Chlorides 
Alkalinity 

Nature  of  Alkalinity 
Nitrites 
Nitrate  s 
Iron 


the  spring  turnover  and  the  lengths 
19  59  were  as  follows: 

Pond  #  3  -  1  week 

Valley  town  water  supply  from  wells. 
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DRAYTON  VALLEY 

POPULATION  °  3821  Serving  Approximately  -  2800 

Water  Consumption  -  215,000  gals. /day 
Sewage  Flow  -  241,900  gals. /day 

Number  of  Connections  ~  533 


SIZE  OF  PONDS: 


Area 


Pond  #1  -  9.2  acres 
Pond  #2  -  5.85  acres 
Pond  #3  -  7.84  acres 


Capacity 


Pond  #1  @  5  ft.  depth 
Pond  #2  @  5  ft.  depth 
Pond  #3  @  4  ft.  depth 


12. 5  million  gals. 
7.95  million  gals 
8.  53  million  gals 


Detention  Time 


Pond  #1  -  51.8  days 
Pond  #2  -  32.9  days 
Pond  #3  -  3  5.6  days 


LOADING: 

Pond  #1  -  79.4  lbs.  B.O.D ./  acre/ day 
Pond  #2  -  Summer  -  33.0  lbs.  B .  O.  D. /acre/day 
Winter  -  54.5  lbs.  B  .  O.  D. /acre/day 
Pond  #3  -  Insufficient  number  of  samples  of  effluent  from  Pond  #2 
B.O.D.  Contribution  per  Capita  -  0.261  lbs. /day 
Sewage  Flow  per  Capita  -  86.3  gals. /day 
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SKETCH  OF  DRAYTON  VALLEY  SEWAGE  PONDS 


Figure  IV 


Overflow 
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SEWAGE  POND  RESEARCH  PROJECT 

Location:  DRAYTON  VALLEY  Sampling  Point:  Final  Effluent _ 

1958  1959  I960 
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HOLDEN 

The  aerobic  sewage  pond  of  7 . 2  acres  at  Holden  receives  a  raw  domestic 
sewage  from  a  served  population  of  approximately  450  people.  It  also  serves 
a  school  of  approximately  600  students,  of  which  500  come  from  the  country  and 
as  well  it  serves  a  creamery  which  produce  s ,  on  the  average,  1780  lbs.  of 
butter  per  day.  The  waste  from  the  creamery  consists  mainly  of  washings  of 
the  vats  and  churns  as  the  butter  is  not  washed  at  the  site  and  the  buttermilk 
is  taken  by  the  farmers. 

Studies  on  the  pond  commenced  on  May  2  0th,  1958  and  terminated  on 
April  14th,  I960.  Raw  sewage  composite  samples  were  collected  during 
24  hour  periods  on  June  24th  -  25th,  1958,  March  2nd  -  3rd,  I960  and 
April  13th  -  14th,  I960.  During  the  24  hour  period  of  May  26th  and  27th, 

1959,  measurements  of  the  sewage  flow  were  made  by  the  use  of  a  recording 
ammeter  hooked  up  on  the  power  inlet  to  the  pump.  By  this  method  very 
accurate  measurements  of  the  sewage  flow  were  obtained. 

The  B.O.D.  's  of  the  summer  samples  from  the  pond  in  1958  and  1959 
remained  at  an  average  of  85.5  ppm,  giving  a  B.O.D.  removal  of  82.5%.  The 
winter  samples  had  an  average  B.O.D.  of  133  ppm,  giving  a  B.O.D.  removal  of 
72.5%.  This  low  winter  average  B.O.D.  is  accounted  for  by  the  fact  that  the 
B.O.D.  did  not  rise  as  soon  as  the  ice  cover  formed  as  compared  to  Lacombe. 

It  was  not  until  three  months  later  that  the  B.O.D.  rose  appreciably  (from 
103  ppm  on  January  6,  1959  to  200  ppm  on  February  4,  1959),  whereas  the 
Lacombe  B.O.D.  increased  100%plus  in  one  month  after  ice  cover. 
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Corrected  B.O.D.'s  for  the  winter  samples  were  made  giving  an 
average  B.O.D.  of  91.6  ppm,  thus,  a  removal  of  81.1%.  These  corrections 
were  made  by  considering  the  summer  and  winter  total  solids  and  multi¬ 
plying  the  fraction  times  the  B.O.D.  By  this  method  a  theoretical 
picture  of  the  treatment  is  given  where  a  thick  layer  of  ice  is  obtained 
giving  a  considerable  smaller  volume  of  liquid.  These  corrections  are 
shown  on  the  data  sheets. 

Samples  of  January  6th  and  February  4th,  1959  showed  significant 
increases  in  odor,  alkalinity,  total  and  ammonia  nitrogens,  total  solids, 
chloride  and  phosphate  and  at  the  same  time  a  significant  decrease  in  pH 
resulted  during  this  period. 

The  total  and  ammonia  nitrogen  tests  were  begun  in  the  late  summer 
of  1958  and  continued  in  all  of  the  subsequent  samples.  The  concentrations 
remained  low  in  all  summer  (  1958  and  1959)  samples  and  winter  samples 
showed  a  definite  and  simultaneous  increase  till  a  maximum  was  obtained  in 
March.  The  nitrite  and  nitrate  nitrogens  were  low  whenever  they  were 
tested.  Corrections  were  also  made  for  the  winter  total  nitrogens  and  are 
shown  on  the  data  sheet. 

There  was  a  definite  difference  in  phosphate  content  between  the  summer 
and  winter  samples  and  once  agnin  as  for  Lscombe ,  the  variations  were 
associated  with  the  pH  change.  Correction  of  the  phosphates  were  made  as  well 
and  also  shown  on  the  data  sheet. 

Total  solids,  chlorides  and  sulfates  content  remained  at  the  same  level 
throughout  the  summer,  and  the  winter  samples  showed  an  increase  which  was 
mostly  due  to  freezing  of  the  liquid.  Suspended  solids,  as  in  other  places, 
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showed  variations  in  the  summer  which  were  mostly  due  to  the  weather 
conditions  (variations  in  wind  speeds).  At  the  present  time,  no  definite 
explanation  is  available  for  the  considerable  difference  in  concentration 
of  chloride  and  sulfate  contents  between  the  pond  and  water  supply 
concentrations,  but  it  is  quite  possible  that  leaching  of  the  soil  occurs. 

The  pond  recovery  in  the  spring  of  1959  took  a  total  time  of 
approximately  eight  weeks.  This  extended  time  was  mostly  due  to 
hydrogen  sulfide  odor  which  was  initially  detected  in  the  February  sample. 
With  the  high  sulfate  content  at  the  beginning  of  the  winter,  it  is  quite 
likely  that  the  sulfate  was  reduced  to  the  sulfide. 

This  pond  is  operated  with  two  draw  downs  a  year,  which  are  timed 
so  that  no  greater  nuisance  than  necessary  is  created.  The  absence 
of  a  good  drainage  course  makes  it  necessary  for  extreme  care  in  the 
draw  down  time  of  the  pond  and  does  not  permit  a  continuous  overflow 
in  the  summer. 

Water  analysis,  in  ppm,  of  the  treated  Holden  surface  supply  taken 

on  July  7  ,  1958. 

Total  Solids 
Ignition  Loss 
Hardne  s  s 
Sulphates 
Chlorides 
Alkalinity 

Nature  of  Alkalinity 

Nitrites 
Nitrate  s 


660 

160 

220 

149 

14 

305 

Bicarbonate  of  soda,  lime  and  magnesium 

Nil 

Nil 


Iron 


1.5 
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HOLDEN 


POPULATION  °  547  Serving  Approximately  -  450 

Water  Consumption  -  20,000  gals. /day 
Sewage  Flow  -  28,500  gals. /day 

Number  of  Connections  -  160 


SIZE  OF  POND: 

Dimensions  -  560'  by  560 ' 

Area  -  7.2  acres 

Capacity  @  4  ft.  depth  -  7.82  million  gals. 

Detention  Time  -  274  days 


LOADING: 


19.2  lbs.  B  .  O.  D. /acre/day 

B.O.D.  Contribution  per  Capita  -  0.308  lbs./ day 
Sewage  Flow  per  Capita  =  63.4  gals. /day 


SKETCH  OF  HOLDEN  SEWAGE  POND 


Overflow 


Figure  V 
Scale:  1"  =  200' 


*  Indicates  Sample  Point 
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aooienimKI 


.Jt*  fc  v  JiofiqsD 


3jit  diiiooO  .0  .O.  9 


Sewage  Flow  Time  of  Day 

- May  3  6th  &~Z7th,"TV59 - 

Holden,  Alberta 
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Figure  VI 


•uxui/  m.ou 


HOLDEN  SEWAGE  POND 


HOLDEN  SEWAGE  POND  TRENDS 


46 

TABLE  VII 


H 

U 

W 

•— j 

o 

Pi 

p 

E 

u 

< 

w 

co 

w 

Pi 

Q 

£ 

O 

P 

w 

O 

< 

£ 

w 

co 


ft 

00 

cti 

£ 

ft 

co 

* 

Cti 

Ph 

0) 

•4-» 

•pH 

CO 

O 

£ 

o 

U 


CO 
ft 

r-H 

P 

5  g 

o  <$ 


On 


CO 


ft 

M  ft 

ft  £ 

•H 

'H  0 
ft  4-> 

r*»  >H 

£  CO 

(ti  o 
CO  ft 


z 

W 

Q 

-1 

O 

E 


ft 

o 

•rl 

+-> 

nj 

u 

O 

P 


£ 

O 

U 


<3 

CO 


•?H 

ft 
o  <; 

vO 

O' 

r-H  CO 
o2 
CM 
pP 

u 

nj 


in 

CM 
o2 

oo 

in  cm 

O'' 

-  S 

ft 

•”3 


CM 

>N 

o  ^ 

in  cti 


O' 


ft 

rO 

ft 

p 


(U 

-M 

Q 


oo 


oo 


£ 

ft 


u 

o 

ft 

ft 

-M 

OJ 

ft 

ft 

£ 

ft 

H 


CD 

oq 

ft 

£ 

0) 

CO 

o 

o 

o 


ft 

oq 

ccJ 


u 

ft 

+-> 

a 

Z 

pP_ 

oq 

ft 

o 

f-H 

CO 

(M 

cO 


X 

ft 


vO 


LD 

in 

sO 


o 

m 


sO 

O' 


ft 

ft 


►H 

ft 


ft 

< 


£ 

ft 

ft 


o 

vO 


o 

vO 

(M 


vO 

• 

sO 

CM 


T) 

CD 

U 

ft 


IH 

p 

D 


P 

P 

o 

•  ft 
CQ  ft 


m 

in 


CM 

r- 

sO 


CO 


ft 

-t-> 

O 

H 

CO 

ft 

4) 

00 

O 

U 


O 

•  pH 

ft 

a) 

00 

lH 

o 


vO 

m 


'ft 


in 

o 

o 


in 


ft 

ft 


oo 

vO 

CM 


O' 

oo 

n- 

CM 


r- 

n- 

vO 


a 

o 

H 


o 

m 

o 


CM 

in 

vft 


pH  £ 

3 

■K  p 

°  O 

Eh  CO 


£ 

ft 


o 

CO 

sft 


-ft 

n- 

CM 


in 


o 

CO 


<L> 

I 

aJ  fd 

l->  H 

O  0 

Eh  > 

T) 

0) 

03 

P 

S  » 
ft  T3 

,7  *H 
CO  ,H 

ft  o 

CO  CO 


'ft 

ft 

X 

•H 

P 


£ 

ft 

ft 


o 

'ft 


m 


£ 

ft 

ft 

CO 

ft 

'ft 

•rH 

o 

i—4 

X 

U 


ft 

ft 


m 


ft 

ft 

CO 

ft 

■w 

ft 

pP 

ft 

CO 

0 

pP 

P 


8i:  VCE  bG AD  KE2EVKCH  bKOUEC  ■ 


a 

> 

w 

a 

PQ 

< 

H 


H 

U 

w 

•“3 

o 

Ph 

a 

u 

a 

<J 

w 

m 

W 

a 

Q 

£ 

O 

Pk 

w 

o 

<J 

£ 

w 

w 


p 

o 

o 

fa) 

cd 

rH 

lh 

o 

CD 

<d 

fa) 

X 

0) 


p 

o 

CD 

X) 

p 

<d 

+-> 

o 

P 

P 

cd 

<D 

£ 

+-> 

CD 

X 

>■ 

cd 


(M 


<D 

fall 

X 

<d 

+-> 

CD 

CD 


O 

U 

m 


o 


P 

«H1 

o 

Pk 

faJO 

p 

•H 

r-H 

Ph 

£ 

cd 

m 


£ 

W 

P 

a 

o 

X 


P 

o 

•H 

cd 

u 

o 

a 


CM 


PJ 

CD 


w 


X 


Pi 

CD 

in 


X 


bfl 

P 

C 


o 

CO 


P 


00 


H 

r— H 

P 

1-3 


H 

rH 

P 

•-3 


iD 

P 

P 

•“3 


CD 

P 

P 

•”3 


00 

OJ 


H 

cd 


i 


o 

00  CM 

10  faJ 
O'  ''O 


cd 


£ 

cd 

LO 


£ 

cd 

m 


£ 

cd 

o 

co 


o8 

<D 

P 

°sH 

Pk 


bO 

O  v 

u  .£ 


°2 


5  -g 

.5?  | 

Ph  a  ^ 


CD 

P 


cd 

o 

o 


£ 

cd 

in 


cd 

m 


£ 

cd 

o 

o 


£ 

cd 

o 

cO 


Ph 

O 

CO 


1 

PH 

o 

o 

CM 


(D 

H-> 

cd 

Q 


(D 

£ 

H 


o2 

P 

P 

P 

in 


£ 

Vl 

cd 

£ 


o V  * 

cd 

s  ^ 

X  u 


og  3 

^  £  g 

§  •£  cd 
W  £  £ 


"*  >. . 
>>  X  ^ 
p  p 
P  0 

p  • — 1 

w  O 


X 

p 

•HI 

£ 


>> 

x  c 
p  £ 

0  a 

t-n  cd 

u  u 


x 

P 

o 

i— H 

U 


1  >s 

k  +j  X 

ID  CD  Pj 

>  cd  ^ 

o  u  £ 


CM 

O 


oo 

o 

CM 


m 

x 


o 


O' 


in 

o 

CM 

CM 


O 

CM 


CM 


O 

CM 


O 

CM 


3 - 

>»  g 

g  S 

£  cd 

w  £ 


Vi 

CD 

rP 

+H 

cd 

<D 

£ 


O' 

© 

O 

CM 


cO 


Ph 

Ph 


O 

Q 


m 

r- 


oo 


in 

« 


O' 


CM 

O' 


O' 


x 

O' 


in 

in 

O' 


CO 

o 

O' 


O' 


o 

O' 


CM 

O' 


O 

o 

<D 

Vi 

P 

H-»  I 

cd 

M 

CD  I 
Ph 

£ 

CD  j 

H  i 


a 

PH 


Vi 

o 

X 

0 


C0 

X 


X 


CM 

X 


X 

X 


X 

X 


O' 

X 


X 

o 

X 


o 

oo 

X 


X 

X 


CM 

X 

X 


CM 

X 


X 


co 

o- 


00 

O' 

X 


Ph 

Ph 


•  HI 

p 

cH 

r-H 

cd 

X. 

H 

< 


o 


£ 

Ph 

Ph 


p 

6 


r— 1 

O' 

i—H 

X 

o 

X 

00 

o 

X 

X 

O' 

X 

X 

n 

i—H 

X 

X 

o 

O 

o 

00 

X 

X 

o 

o 

o 

X 

o 

o 

O' 

r- 

X 

X 

o 

X 

X 

CO 

r~ 

X 

O' 

i—H 

i-H 

X 

X 

X 

X 

oo 

r- 

i—H 

X 

i-H 

o 

CM 

X 

8^ 

X 

r-H 

oo 

X 

X 

O' 

X 

i—H 

r-H 

oo 

X 

X 

X 

X 

00 

H1 

X 

X 

X 

o 

O' 

r-H 

0- 

r- 

X 

i—H 

X 

X 

X 

X 

CM 

MH 

o 

o 

X 

r- 

X 

X 

O' 

X 

X 

X 

X 

r-H 

X 

X 

r— t 

00 

oo 

o 

o 

O' 

r-H 

o 

X 

CO 

X 

o 

X 

X 

X 

O' 

'If 

o 

r—i 

X 

X 

r-H 

X 

O' 

X 

X 

CO 

r- 

O' 

Q 

CM 

X 

o 

co 

H1 

o 

X 

o 

o 

X 

X 

X 

X 

X 

r-H 

O' 

O 

X 

X 

X 

X 

X 

r-H 

X 

o 

r-H 

r- 

r- 

o 

i—H 

o 

r-H 

r— H 

o 

X 

X 

i-H 

r-H 

X 

X 

CM 

O 

X 

X 

X 

o 

X 

o 

H1 

O' 

X 

O' 

X 

t"- 

O' 

X 

X 

X 

X 

c— H 

X 

X 

X 

r-H 

X 

0- 

X 

X 

0- 

O' 

X 

o 

o 

X 

X 

X 

o 

X 

X 

X 

X 

X 

X 

X 

r—i 

o 

r-H 

X 

X 

r-H 

X 

CD 

V 

o 

cd 

•H 

P 

o 

CD 

4-> 

n3 

u 

CD 

CD 

CD 

+H 

P 

CD 

i—H 

i—H 

"H 

•4— ■> 

X 

i-H 

i—H 

°cH 

4H 

X 

«-H 

cd 

P 

£ 

cd 

cd 

CD 

cd 

cd 

CD 

c 

4-> 

0 

faO 

Vh 

a 

+■> 

0 

r-H 

O 

X 

H-> 

o 

i—H 

o 

.* 

p 

Ph 

£ 

Ph 

D 

H 

0 

H 

> 

£ 

H 

> 

h 

Ph 

Ph 

CD 

X 

CD 

£ 

Ph 

P 

D 

faJD 

0 

V 

H-> 

•cH 

£ 

Ph 

r-H 

cd 

+H 

o 

o\ 

CD 

X 

r^H 

0 

£ 

Ph 

D 

X 

P 

<D 

Ph 

CD 

P 

CD 

X 

•  HI 

rH 

0 

£ 

Ph 

D 

X 

°5— ! 

Vh 

O 

r-H 

X 

CD 

CD 

4-> 

cd 

'H 

i-H 

P 

Ph 

Ph 

H 

m 

Ph 

m 

m 

P. 

u 

in 

£ 

Ph 

Ph 

CD 

<D 

H-> 

cd 

X 

Ph 

CD 

o 

X 

Ph 


.  < 


w 

> 


O' 


IS* 


X 


W 


o 


u 


> 

W 

P 

fQ 

< 

H 


O 

p 

X 

r-H 

O 


Q 

O 

pq 

o 

m 

H 
O 
W 

•“3 

o 
ai 
P 

ffi 

o 

Pi 
< 
w 

CO 

w 

Pi 

p 
£ 
o 

p 

w 
o 
< 

£ 
w 

co 

CJD 

d 

«H 

r-H 

cu 

s 

CO 


£ 

W 

Q 

P 

O 

X 


rd 

u 

o 

p 


1960 

Jan.  6 

CO 

• 

r-H 

1958  1959 

Date  Nov.  18  Dec.  2  Dec.  16  Jan.  6  Feb.  4  Mar.  10 

173.  4 

44.  4 

r-H 

CO 

118.6 

29.9 

28.  5 

OJ 

© 

OJ 

20.  6 

IT) 

OJ 

78.  2 

« 

r-H 

19.  6 

r-H 

00 

o 

CO 

r-H 

73.  6 

r-H 

• 

r- 

Time 

Weather 

6 

PU 

PU 

o 

O 

Q 

Temperature  °C 

X 

P-< 

Odor,  T.O.N. 

Alkalinity  pp 

ppm  MO 

B.O.D.  Filtered 

ppm  Unfiltered 

Nitrogens  Total 

ppm  Organic 

Amm  onia 

Nitrite 

Nitrate 

Total  Total 

Solids,  Volatile 

ppm  Fixed 

Suspended  Total 

Solids  Volatile 

ppm  Fixed 

Chlorides  ppm 

Sulfate  s  ppm 

Phosphates 

Other  s 

So 


Q 

O 


t-4 

O 


U 


c-i 


0 


u 

U 


o 

hQ 


W 

cu 


W 


Q 


O 
►  Q 


w 

p 

rr> 


w 

CO 


Od 

3 


cu 


Q 

U 

c 


o 

V-- 


in 

v 

O 


W 


'O 


50 


LACOMBE 

This  aerobic  sewage  pond  of  16.64  acres  receives  a  raw  domestic 
sewage  from  a  served  population  of  2,835  people.  It  also  serves  a  school 
of  1,236  students,  of  which  about  one  half  are  from  the  country.  There 
are  the  usual  number  of  business  places,  but  no  unusual  commercial 
industries  which  would  overload  the  pond. 

Studies  on  this  pond  commenced  on  June  6th,  1958  and  terminated 
on  January  14th,  I960.  A  composite  raw  sewage  sample  was  collected 
during  a  24  hour  period  on  December  29th  and  30t.h,  1958,  and  during 
this  period  measurements  of  the  flow  were  made  by  timing  the  pumping 
time  as  well  as  the  fill  up  time  of  the  lift  station  wet  well.  By  this 
method  of  checking  the  flow,  a  very  accurate  measurement  was  obtained. 

The  B.O.D.  of  the  pond  was  found  to  be  low  during  the  summers 
of  19  58  and  1959.  Following  the  1958  summer  when  the  ice  cover  came 
on  at  approximately  the  middle  of  November,  a  remarkable  increase  in 
the  B.O.D.  was  obtained.  This  rapid  increase  occurred  in  a  very  short 
period  of  time,  between  November  25th  and  December  9th,  1959.  The 
average  summer  B.O.D.  was  59  ppm,  giving  a  reduction  of  82.  5%,  while 
winter  samples  gave  a  B.O.D.  of  208  ppm,  for  a  reduction  of  only  38.  5%. 
There  was  no  overflow  during  the  winter  months  (November,  1958  to 
March,  1959)  and  at  the  time  when  the  overflow  started  in  March,  the 
B.O.D.  of  the  effluent  was  155  ppm,  or  a  reduction  of  54.  1%.  The  spring 
recovery  in  1959  took  approximately  three  to  four  weeks  before  the  odor  in 

the  general  area  disappeared. 


Drl8t>mufo  wisi  s  r  <  visoai  8*3  jfi  id .  dl  lo  bitoq  oJdoi9.fi  ^  irC  i 


Jooffo  l  =jvij a  oalr,  il  .alcr  -,q  lo  ao  jsEuqo  {  na  ^  moil  agiiwsa 

C  lauo)  o  ii  rnoii  ©1/  U*  l  3  to  ;>  oc :  rb.  vr  o  ,  eln^bwi a  c£S»I  lo 


Leioi 9 mmoo  lEi/eimo  on  n/d  ,  !95,e  q  E^nisi/dlo  rodrru/n  Ibusu  arfi  9i£ 


oc  >rii  b  oil  f  vo  b  1  o  «v  f  jidw  taiiiai/bnj 


i  ■  .  *  ,  <3  in  ft.  r  •  iv  o  jjrtcu  ?  r  buiS 

A  .Od?I  rlkM  y r«J/n£l  no 


,  ritO£  bffjs  diPS  t9(im'jD9a  no  boii-tq  mod  f>£  &  gniix/b 

aidl 


gniqi  rnq  >rL  gnimi*  yd  ©bam  9-  w  c  1  9rlt  lo  ait.  h  ■9'uji  r*.  rrx 

Y  •  .  ,'.i  '  -b 

■ 

•  -  h  Isido  sw  ma  19  re  39m  i stu^os  *v  s  voii  ad)  1  fosri  3  lo  bodlam 


«v  bnoq  f  it  lo  .<3.0.  a  srfT 


TSfliraua  Sc?,[  gniwoiio'*  .  P<  :  i  bnn  8c??I  lo 


oH  lo  aib  iim  jell  yls:  &,mixoiqq£  Is  no 


. 

die  S  iadr  ovoid  asswtsd  t  jcti  j  lo  boiieq 


slidw  »«'  3  9BJ5idvjs 

aqq  .0:  lo  .C  .O.G  &  ©vug  a©Iqm*a  isjnJv, 


3  j.m  Lfb  >J  :iavo  o.  fcsw  aiadT 
9/f?  llJE  bus  (pe?X  ,doisM 


C  I  s-/ tn  oil' 9  orU  1  .a  .0.8 


tqqoaib  sais  1st  snag  arfl  ■ 


51 


The  total  and  ammonia  nitrogen  tests  were  begun  in  the  late  summer 
of  1958  and  the  trend  was  a  slow  increase  in  the  fall  until  a  large  increase 
occurred  about  the  same  time  as  the  increase  in  B.O.D.  was  recorded. 

This  high  concentration  remained  throughout  the  winter  and  once  again  the 
summer  (1959)  samples  had  low  concentrations.  Whenever  the  nitrite  and 
nitrate  nitrogen  tests  were  run  they  were  quite  low. 

The  average  concentration  of  phosphate  in  the  winter  samples 
was  48.3  ppm  and  for  the  summer  29.3  ppm.  This  difference  could  be 
accounted  for  by  considering  the  average  winter  and  summer  pH  of  7 . 5 
and  8.9  respectively.  The  higher  summer  pH  may  have  caused  a  precipitation 
of  the  phosphate  which  is  more  marked  in  other  lagoons  rather  than  this  one. 

Suspended  solids  concentrations  in  the  summer  are  governed  by 
the  amount  of  wind,  thus  mixing  up  of  the  bottom  sludge,  and  in  the  winter  by 
the  amount  of  liquid  under  the  ice  when  a  hole  is  cut  out.  The  suction  obtained 
when  the  hole  is  broken  through  might  have  brought  along  some  bottom  sludge 
if  the  liquid  level  was  too  thin. 

During  the  times  the  marked  increases  in  B.O.D.  and  nitrogens 
(total  and  ammonia)  occurred  a  decrease  in  pH,  and  a  large  increase  in  the 
alkalinity  were  also  noticed.  This  shows  that  there  must  be  definite  correlation 
between  the  commodities  which  either  decreased  or  increased  in  such  a  short 

length  of  time. 

This  pond  is  operated  with  a  continuous  overflow  throughout  the  summer 
and  for  the  winter  it  is  drawn  down  in  November.  The  draw  down  is  to  such  a 
point  so  that  the  lagoon  does  not  fill  up  until  late  March  or  April  when  again  a 
continuous  overflow  is  used.  The  overflow  enters  a  constructed  drainage  ditch 
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for  a  few  miles  which  In  turn  enters  a  natural  drainage  course,  finally  ending 
up  In  the  Battle  River.  Samples  taken  from  the  constructed  drainage  ditch  at 
various  points  showed  that  the  B.O.D.  and  ammonia  nitrogen  declined  in 
concentration  in  a  very  short  distance. 

Water  analysis,  in  ppm  of  the  Lacombe  town  supply  taken  from  wells 
on  November  2  5th,  1958: 


Total  Solids 

546 

Ignition  Loss 

86 

Hardne  s  s 

115 

Sulphate  s 

Nil 

Chloride  s 

10 

Alkalinity 

460 

Nature  of  Alkalinity 

Bicarbonate  of  soda,  lime  and  magnesium 

Nitrites 

Nil 

Nitrat  e  s 

Nil 

Iron 

Nil 
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LACOME 


POPULATION  -  2923 


Serving  Approximately  -  283  5 


Water  Consumption 
Sewage  Flow 
Number  of  Connections 


-  114,000  gals. /day 
“  110,600  gals. /day 
-825 


SIZE  OF  POND: 

Dimensions  -  approximately  1100'  by  700' 

Area  -  16.64  acres 

Capacity  @  5  ft.  depth  -  22.6  million  gals. 
Detention  Time  -  204.4  days 


LOADING: 


22.43  lbs.  B  .  O.  Do /acre/day 

B .  O.  D.  Contribution  per  Capita  -  0.132  lbs .  / day 
Sewage  Flow  per  Capita  -39.1  gals. /day 


SKETCH  OF  LACOMBE  SEWAGE  POND 


Figure  VIII 
Scale:  3/4"  -  100' 

*  Indicates  Sample  Point 
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M  Y  R  N  A  M 

The  Myrnam  sewage  pond  system  treats  a  raw  domestic  sewage  from 
a  served  population  of  420  people.  It  also  serves  a  school  of  which  350  students 
are  from  out  of  town.  The  usual  number  of  business  places  are  connected  with  no 
unusual  commercial  industries  present. 


Raw  Sewage  Pond  No.  1  Pond  No .  2 


B.O.D.  ,  ppm 

236 

164 

151 

pH 

8.35 

7.7 

7.65 

Alkalinity,  ppm 

P.P.  **  5, 

M .  O .  «  665 

673 

795 

Millivolts 

=  90 

=  53 

“49 

Odor,  T.O.N. 

500  sewage 

1000  sewage 

1000  sewage 

T otal  Solids , 

Total 

1725 

1486 

1430 

ppm 

Volatile 

399 

313 

313 

Fixed 

1326 

1173 

1117 

Suspended  Solids  , 

Total 

193 

91 

54 

ppm 

Volatile 

154 

78 

53 

F  ixed 

39 

13 

1 

Dissolved  Oxygen, 

ppm 

- 

0 

0 

Temperature, 

- 

3 

1 

Single  samples  from  the  ponds  at  Myrnam  were  obtained  on  January 
20th ,  I960,  and  a  raw  sewage  composite  sample  was  collected  during  the  24 
hour  period  of  January  19th  and  20th,  I960.  Measurements  of  the  sewage 
flow  were  taken  throughout  this  24  hour  period  with  a  V-notch  weir. 

The  sewage  disposal  system  consists  of  two  ponds  in  series  with 
detention  times  of  11.7  and  24.2  days  for  ponds  #1  and  2  respectively.  This 
gives  a  B.O.D.  reduction  of  30.5%  for  pond  #1  and  5.5%  for  pond  #2  and  an 
overall  total  of  36%  reduction.  Pond  #1  reduction  and  results  from  other 
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places  show  that  a  detention  time  of  lower  than  24  days  is  far  more  efficient. 

As  can  be  seen  on  the  summary  page,  there  is  a  definite  difference 
between  the  water  consumption  and  the  calculated  average  sewage  flow. 

This  could  be  counted  for  by  infiltration,  which  is  probably  because  of  the 
high  water  table  in  this  area. 

Analysis  in  ppm  of  Myrnam  town  water  supply  from  wells.  Sample 
taken  July  24th,  1957. 


Total  Solids 

600 

Ignition  Loss 

182 

Hardne  s  s 

340 

Sulphates 

59 

Chlorides 

10 

Alkalinity 

440 

Nature  of  Alkalinity 

Bicarbonate  of  soda 

Nitrites 

T  race 

Nitrate  s 

T  race 

Iron 

2  Plus 
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MYRNAM 


POPULATION  -  440 


Serving  Approximately  -  420 


Water  Consumption 
Sewage  Flow 
Number  of  Connections 


8,040  gals .  / day 
1 1 , 500  gals .  / day 
120 


SIZE  OF  PONDS: 


Dimensions 

-  Pond 

-  Pond 

Area 

-  Pond 

-  Pond 

Capacity 

*»  Pond 

-  Pond 

Detention  Time 

-  Pond 

-  Pond 

#1  -  60'  by  60’ 

#2  -  103'  by  103’ 

#1=0. 0825  acres 
#2  -  0.243  acres 

#1  @  6  ft.  depth  -  0.  1346  million  gals. 
#2  @  4  ft.  depth  -  0.2786  million  gals. 

#1  -  11.7  days 
#2  -  24.2  days 


LOADING: 

Pond  #1  -  329  lbs.  B.O.D./  acre/day  or 
54.9  lbs.  B.  O.  D. /acre-ft. /day 
Pond  #2  -  77.7  lbs.  B .  O.  D. /acre/day  or 
19.4  lbs.  B.  O.  D. /acre-ft. /day 
B.O.D. Contribution  per  Capita  -  0.0645 
Sewage  Flow  per  Capita  -  27.4  gals. /day 
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STONY  PLAIN 

The  Stony  Plain  sewage  pond  system,  which  consists  of  three 
short  detention  and  one  long  detention  ponds  in  series  receives  a  raw 
domestic  sewage  from  a  served  population  of  1040  people.  It  also 
serves  a  school  with  an  enrollment  of  866  students,  of  which  approxi¬ 
mately  one  half  are  from  the  country.  There  are  the  usual  number  of 
business  places  with  no  unusual  industries  which  might  overload  the 
system.  The  sizes  of  the  lagoons  are  0.0517,  0.0517,  0.  145  and  9 
acres  for  ponds  #1,  2,  3  and  4,  and  the  calculated  detention  times  are 
0.93,  0.93,  2.6  and  187  days  respectively. 

Studies  on  this  system  we  re  mostly  on  pond  #3  and  began  on 
August  13th,  1958  and  terminated  on  December  9th,  1959.  Composite 
raw  sewage  samples  were  collected  during  24  hour  periods  on  August 
20th  and  21st,  1958,  and  August  24th  and  25th,  1959.  The  sewage  flow 
was  measured  by  the  salt  dilution  method  during  the  second  24  hour  period  of 
sampling . 

Excluding  the  B.O.D.  of  265  ppm  on  August  13th,  1958,  the 
average  B.O.D.  of  the  effluent  from  pond  #3  was  104  ppm,  with  only 
small  deviations  throughout  the  summer  and  winter.  This  gave  a  B.O.D. 
removal  of  69%  which  is  superior  to  conventional  primary  sewage  treatment. 
Until  1959  only  the  three  pond  system  had  been  used  and  since  then  a  fourth 
pond,  which  was  completed  in  1959,  has  been  added  for  storage  and  further 
treatment  purposes.  As  sampling  on  pond  #4  was  not  continued  in  the  late 
winter  of  I960,  figures  are  not  available  for  winter  treatment,  but  the  two 

samples  obtained  in  the  summer  and  early  winter  of  1959  gave  an  average  gave 
an  average  B.O.D.  of  7  ppm  which  was  a  removal  of  98%. 
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B.O.D.  REMOVAL  SUMMARY 


Pond  #1 
Pond  #2 
Pond  #3 
Pond  #4 


Influent  B.O.D,  Effluent  B.  Q.  D.  %  Removal 

335  ppm  (Raw  Sewage)  223  33.4 

223 

104  53.4 

104  7  93.3 


Total  ---  Ponds  1  to  3  -  69% 

Total  ---  Ponds  1  to  4  -  98% 

At  no  time  of  the  year  and  even  at  the  time  of  ice  break-up  in  the  spring 
has  there  been  odors  present  in  the  general  area  of  the  first  three  ponds. 

All  other  analysis  carried  out  on  the  samples  showed  the  same 
level  of  concentrations  in  the  summer  as  in  the  winter  for  pond  #3,  while 
pond  #4  showed  increases  in  pH,  dissolved  oxygen,  total  solids  and  sulfates. 

At  the  same  time  decreases  were  recorded  in  odor,  alkalinity,  total  and 
ammonia  nitrogens,  phosphates  and  suspended  solids. 

The  ponds  are  operated  so  that  the  first  three  are  overflowing 
continuously  and  the  4th  to  be  drawn  down  twice  a  year.  With  the  excellent 
removal  of  B.O.D.  and  little  odor  in  the  4th  pond,  the  draw  down  liquid 
should  not  create  any  problem  along  the  drainage  course  which  it  follows. 
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Water  analysis  in  ppm  of  the 
supply  taken  on  November  5th,  1957. 
Total  Solids 
Ignition  Loss 
Hardness 
Sulphate  s 
Chlorides 
Alkalinity 

Nature  of  Alkalinity 

Nitrite  s 

Nitrates 


treated  Stony  Plain  surface  water 

676 

186 

475 

169 

3 

330 

Bicarbonate  of  lime  and  magnesium 

Nil 

Nil 


Iron 


Nil 
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STONY  P  T  , ATN 


POPULATION  1300  Serving  Approximately  -  1040 

Water  Consumption  -71,400  gals. /day 

Sewage  Flow  -75,9000  gals. /day 

Number  of  Connections  -300 


SIZE  OF  PONDS: 


Dimensions 


Ponds  #1  &  2  -  48*  by  47' 
Pond  #3  -  135'  by  47' 


Area 


-  Ponds  #  1  &;  2  -(0.0517  acres 

-  Pond  #3  -0.145acres 

-  Pond  #4  -  9  acres 


Capacity 


-  Ponds  #1,  #2  &  #3  @  6ft.  depth  and  #4  @  4ft.  depth 

-  Pond  #1  &  #2  -0.  0703  million  gals. 

-  Pond  #3  -0.  1976  million  gals. 

-  Pond  #4  -14.  19  million  gals. 


Detention  -  Ponds  #1  &  #2  -  0.93  days 
Time  -Pond  #3  -  2.6  days 

-Pond  #4  -  187  days 


LOADING.: 


Pond  #  1  -  4920  lbs.  B.  O.  D.  /acre/day  or 
984  lbs.  B.  O.  D.  /acre-ft. /day 
Pond  $  2  -  3400  lbs.  B.  O,  D.  /  acre/day  or 
680  lbs.  B.  O.  D./acre-ft. /day 
Pond  #  3  -  No.  samples  of  effluent  of  Pond  #2 
Popd  #  4  -  8.  8  lbs.  B.  O.  D.  /acre/day 
B.  O.  D.  Contribution  per  Capita  -  0.  845  lbs.  /day 
Sewage  Flow  per  Capita  -  73.0  gals,  /day 
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Figure  XI 
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Figure  XII 


STONY  PLAIN  #3  SEWAGE  POND  TRENDS 
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T  H  O  R  S  B  Y 

This  single  short  detention  pond  of  10.35  days  detention  receives  a 
raw  sewage  from  a  population  of  approximately  360  people  and  also  serves  a 
school  of  423  students,  of  which  257  are  country  students.  It  also  serves  a 
cheese  factory  which  produces  approximately  650  lbs. /day  of  cheese.  The 
cheese  whey  is  used  by  the  surrounding  farmers  and  the  only  sewer  drainage 
occurs  from  the  washing  of  the  cheese  and  vats. 

Raw  Sewage  Pond  Samples 

Dec.  31/59  Jan.  6/60 


B.O.D.  ppm 

1125 

^  646 

653 

ph 

7.4 

6.4 

6 .  5 

Alkalinity,  ppm 

468 

445 

48  5 

Millivolts 

-35 

/20 

/ 18 

Odor,  T.O.N. 

- 

• 

- 

Total  Solids 

Total 

1989 

1849 

1319 

ppm 

Volatile 

1278 

1191 

612 

Fixed 

711 

658 

707 

Suspended  Solids 

Total 

324 

318 

222 

ppm 

Volatile 

296 

296 

188 

Fixed 

28 

22 

34 

Dissolved  Oxygen, 

ppm 

- 

0 

0 

Temperature  °C 

- 

3.5 

3 

A  composite  raw  sewage  sample  was  collected  during  the  24  hour  period  of 
December  30th  and  31st,  1959  and  measurements  of  the  sewage  flow  were 
made  throughout  this  period  of  time.  Samples  of  the  pond  were  also  taken 
on  December  31/59  and  January  6/60.  A  B.O.D.  reduction  of  approximately 
42 . 2%  was  obtained  across  this  short  detention  pond,  again  showing  high 
efficiency  in  sewage  disposal  by  the  short  detention  or  anaerobic  ponds. 
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Analysis  in  ppm  of  treated  surface  water  for  the  Village  of 


Thorsby. 

Winter  Summer 

January  15,  1958  September  9*  1959 

Total.  Solids 

534  312 

Ignition  Loss 

170  144 

Hardness 

335  175 

Sulphate  s 

69  3 

Chlorides 

10  Nil 

Alkalinity 

370  235 

Nature  of  Alkalinity 

Bicarbonate  of  soda,  lime  and  magnesium  for  both. 

Nitrites 

Nil  Nil 

Nitrates 

Nil  Nil 

Iron 

0.2  1.0 
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THORSBY 


POPULATION  -  491  Serving  Approximately  -  360 

Water  Consumption  -  15,000  gals,  /day 
Sewage  Flow  -  14,400  gals. /day 

Number  of  Connections  -  90 


SIZE  OF  POND: 

Dimensions  -  65*  by  46* 

Area  -  0.0686  acres 

Capacity  @  8  ft.  depth  ~  0. 149  million  gals. 

Detention  Time  -  10.35  days 


LOADING: 


2,360  lbs.  B .  O.  D. /acre/day  or 
295  lbs.  B.  O.  D. /acre-ft. /day 
B  .  O.  D.  Contribution  per  Capita  -  0.45  lbs .  / day 
Sewage  Flow  per  Capita  -  66.2  gals. /day 
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TWO  HILLS 

The  sewage  pond  system  of  Two  Hills  receives  a  raw  domestic 
sewage  from  a  population  of  approximately  800  people.  It  also  serves 
a  school  population  of  approximately  850,  of  which  about  700  students  are 
from  outside  of  town.  There  are  no  major  commercial  industries  aside 
from  the  usual  garages  and  cafes  in  town. 


Raw  Sewage 

Pond  No.  1 

Pond  No.  2 

B.O.D.  ppm 

294 

248  . 

195 

pH 

8.2 

7.8 

7.7 

Alkalinity,  ppm 

890 

900 

905 

Millivolts 

■=80 

-57 

-53 

Odor,  T.O.N. 

500  sewage 

1000  sewage 

1500  sewage 

Total  Solids  Total 

1557 

1456 

1415 

ppm  Volatile 

371 

287 

246 

Fixed 

1186 

1169 

1169 

Suspended  Solids  Total 

214 

142 

92 

ppm  Volatile 

190 

126 

92 

Fixed 

24 

16 

0 

Dissolved  Oxygen,  ppm 

- 

0 

0 

Temperature,  °C 

- 

2 

1.5 

A  composite  raw 

sewage  sample  was  collected  at  the 

town  of  Two 

Hills  during  a  24  hour  per 

iod  of  January  25th  and  26th,  I960, 

and  single  grab 

samples  from  the  two  ponds  were  taken  on 

January  26th,  I960 

.  Sewage  flow 

measurements  were  made 

throughout  the  24  hour  period  with 

a  V=notch  weir. 

The  system  consists  of  two  short  detention  ponds  in  series  with 
detention  times  of  1.9  and  1.05  days  for  ponds  #1  and  2  respectively.  This 

when  compared  to  other  systems  because  of  the  depths 


system  is  quite  unique 
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involved.  Pond  #1  has  a  depth  of  18  feet  and  pond  #2  a  depth  of  10  feet, 
whereas  the  depths  of  other  systems  studied  are  on  the  average  of  5  or  6 
feet. 

The  first  pond  gives  a  B.O.D.  reduction  of  15.65%  and  the  second  pond 
an  additional  18%  for  a  total  of  33.65%.  These  reductions  are  somewhat 
lower  than  those  obtained  for  other  ponds  of  shallower  depths. 

There  is  quite  a  difference  between  the  water  consumption  and 
calculated  sewage  flow  and  this  difference  may  be  accounted  for  by  infil¬ 
tration  which  is  quite  possible  because  of  the  high  water  table  present  here. 
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TWO  HILLS 


POPULATION  °  886  Serving  Approximately  -  800 

Water  Consumption  =  26,810  gals. /day 

Sewage  Flow  -  53,000  gals. /day 

Number  of  Connections  -  200 


SIZE  OF  PONDS: 

Dimensions  -  Ponds  #1  &  #2  -  40'  by  40* 

Area  -  Ponds  #1  &c  #2  -  0.0367  acres 

Capacity  -  Pond  #1  @  18  ft.  depth  -  0.  1009  million  gals. 

-  Pond  #2  @  10  ft.  depth  -  0.053  million  gals. 

Detention  Time  =  Pond  #1  -  1.9  days 

-  Pond  #2  =  1.0  5  days 


LOADING: 


Pond  #1  -  3870  lbs.  B  .  O .  D. /acre/day  or 
215  lbs.  B .  O.  D. /acre~ft. /day 
Pond  #2  -  3580  lbs.  B.  O.  D. /acre/day  or 
358  lbs.  B.  O.  D. /acre°ft. /day 
B.  O.D.  Contribution  per  Capita  -  0. 195  lbs.  /day 
Sewage  Flow  per  Capita  -  66.2  gals. /day 
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SEWAGE 

PONDS  IN 

THE  PEACE  RIVER  AREA 

T  own 

Populat 

ion  Size  of  Ponds  (acres) 

Detention  Time 

Berwyn 

371 

#1 

-  2.8 

150 

#2 

-  1.3 

95 

Total 

4.  1 

245 

Donnelly 

287 

3.4 

290 

Fahler 

802 

7.2 

310 

*Fairview 

1448 

20 

105 

Girouxville 

314 

3.4 

365 

Grande  Prairie  7410 

51.7 

115 

Grimshaw 

1051 

8.3 

175 

Rye  r  oft 

30  5 

4.  1 

450 

Sexsmith 

345 

6.9 

520 

Spirit  River 

834 

#1 

-  0 . 165 

11 

#2 

-  2.4 

100 

#3 

-  2.4 

100 

Total 

-  4.965 

211 

i'f  Fairview  system  consists  of  three  long  detention  ponds  but  individual 
sizes  are  unknown. 

The  detention  times  were  calculated  by  considering  a  sewage  flow 
of  approximately  40  gals . /capita/day  as  there  were  no  flow  measurements 
taken.  Since  there  is  no  underground  water  in  most  of  this  area,  the  above 
figure  of  sewage  flow  wo  uld  be  approximately  equal  to  the  water  consumption. 

Single  samples  of  the  sewage  ponds  from  10  different  towns  in  the 
Peace  River  area  were  obtained  in  June,  1959.  As  there  were  no  composite 
raw  sewage  samples  collected  an  overall  true  evaluation  of  the  ponds  cannot 
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be  made . 

The  B.O.D.  '  s  obtained,  which  in  most  cases  were  low,  indicated  that 
a  good  treatment  was  present.  Percent  B.O.D.  removals  shown  on  the 
data  sheets  were  calculated  with  caution  as  the  raw  sewage  B.O.D.  's  were 
not  available.  As  the  main  summary  report  indicates,  an  average  raw 
sewage  B.O.D.  of  325  ppm  was  obtained  for  several  small  towns  in  central 
Alberta  and  this  figure  was  chosen  as  the  "approximate"  influent  B.O.D. 
with  a  slightly  higher  figure  of  350  ppm  for  Grande  Prairie  because  of  the 
larger  size. 

Inmost  cases,  high  dissolved  oxygen  and  pH's,  and  low  alkalinities 
and  ammonia  nitrogens  were  recorded.  There  were  no  odors  or  very  slight  in 
the  general  areas  for  all  the  ponds  except  where  a  very  strong  odor  from  the 
Spirit  River  #1  pond  was  noticed. 

Although  only  single  samples  were  obtained  from  the  ponds,  a 
general  conclusion  can  be  drawn  that  they  operate  very  satisfactorily  in 
the  summers.  This  conclusion  does  not  cover  the  ice  cover  periods  and 
the  spring  turnovers  which  are  the  most  critical  times  of  all. 
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SEWAGE  POND  LABORATORY  RESEARCH  PROJECT 


INTRODUCTION 

In  an  attempt  to  investigate  the  effect  of  dairy  wastes  on  sewage 
ponds,  a  small  scale  or  pilot  plant  pond  was  set  up  under  controlled 
conditions  in  the  laboratory.  The  apparatus  was  operated  such  that: 

1.  The  temperature  of  the  deepfreeze  was  controlled  through 
the  use  of  a  time  clock. 

2.  To  simulate  daylight  for  the  activity  of  micro-organisms,  2  =  40 
watt  fluorescent  and  2  =  15  watt  incadescent  lamps  were  used. 

DESCRIPTION  OF  APPARATUS 

A  17  cubic  foot  deepfreeze  was  obtained  and  several  alterations 
were  made  for  the  experimental  purposes.  These  alterations  were  as  follows: 

1.  A  thermostat  could  not  be  used  for  temperature  control,  therefore 
a  30  minute  cycle  tlmeclock  was  installed  into  the  circuit  and 

the  temperature  was  obtained  by  a  simple  manipulation  of  the 
deepfreeze  running  time  and  shut-off  time. 

2.  Fluorescent  lights  had  to  operate  at,  or  near,  room  temperature 
for  high  efficiency,  thus  they  could  not  work  inside  the  deep¬ 
freeze.  This  was  solved  by  removing  the  door  of  the  deep¬ 
freeze  and  placing  a  plywood  sheet  on  the  top,  into  which  a  hole 
was  cut  out  just  above  a  stainless  steel  tank  and  the  fluorescent 
lights  fixed  above  this  hole.  The  incandescent  lamps  were  also 
fixed  above  the  tank.  The  number  of  lighting  hours  were  con¬ 
trolled  by  a  24  hour  cycle  timeclock. 

3.  The  ponds  were  simulated  by  two  polythene  containers  which  were 

placed  in  a  water  bath  in  the  tank. 
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4.  A  continuously  running  fan  was  installed  so  that  it  circulated 
the  air  around  the  tank,  whereby  it  prevented  the  segregation 
of  cold  and  warm  air  around  this  tank. 

5.  In  order  that  lower  temperatures  would  not  be  obtained,  a 
heating  lamp  and  thermostat,  set  up  in  series,  were  placed 
immediately  behind  the  fan  which  began  a  circulation  of  the 
warm  air  at  once.  This  safety  precaution  is  most  important 
if  a  test  run  is  made,  at  a  temperature  very  near  the  freezing 
point  of  water. 
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The  original  mixed  culture  for  the  simulated  ponds  was  obtained 
from  the  Lacombe  sewage  pond.  A  daily  batch  feed  was  added  and  an  equal 
volume  taken  out  on  which  the  analysis  were  run.  The  sewage  portion  of 
the  feed  was  obtained  daily  at  approximately  11:00  a.m.  from  the  raw 
sewage  influent  line  into  the  Edmonton  #3  sewage  treatment  plant.  The 
average  B.O.D.  of  this  sewage  was  325  ppm  and  this  figure  was  chosen 
arbitrarily  to  be  the  feed  B.O.D. 

B.O.D.’s  were  run  on  milk,  buttermilk  and  cheese  whey  and  the 
following  values  were  obtained: 


1. 

Milk 

120 , 500  ppm 

2. 

Butte  rmilk 

9  1  r125  ppm 

3. 

Cheese  Whey 

51,750  ppm 

These  figures  and  the  raw  sewage  B.O.D.  were  used  in  calculation 
of  the  ratio  of  volumes  in  order  that  a  feed  B.O.D.  of  32  5  ppm  was  obtained. 

The  average  pH  and  millivolts  were  obtained  by  considering  the 
results  over  the  period  of  time  that  the  particular  run  was  made.  As  there 
was  a  gradual  change  in  pH  and  millivolts,  this  average  is  more  indicative 
of  the  results  than  a  report  of  the  daily  results  or  the  range  of  results  would 
be. 

The  results  for  both  loadings  showed  generally  the  same  pattern 
during  the  loadings  of  the  different  dairy  wastes  at  the  different  compositions 
of  the  feed.  The  pH  and  millivolts  were  lower  in  all  cases  for  the  higher 
percentage  of  dairy  wastes  with  a  slight  recovery  at  the  beginning  of  each 
new  low  composition  dairy  waste. 
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A  good  B.O.D.  removal  was  obtained  at  the  20  lbs ./ acre/day 
loading  for  all  three  dairy  wastes  used.  The  60  lbs . /acre/day  lo ading 
also  had  a  good  removal  except  for  the  milk  run  which  had  B.O.D.  !s 
quite  similar  to  the  feed  B.O.D.  A  dissolved  oxygen  was  not  obtained 
whenever  it  was  tested  for  in  either  loading,  thus  making  it  an  anaerobic 
system. 

These  results  indicate  that  dairy  wastes  can  be  treated  quite 
successfully  in  conjunction  with  sanitary  sewage  if  the  B.O.D.  load  by 
the  dairy  wastes  is  not  too  high.  As  no  work  with  heavier  B.O.D.  loads 
by  dairy  wastes  were  carried  out,  critical  values  can  not  be  made  for 


treatment  purposes. 
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SUMMARY  OF  OBSERVATIONS 

ODORS 

Odors  in  the  general  area  and  of  the  liquid  in  the  ponds  were  at 
a  minimum  or  completely  absent  throughout  the  late  Spring,  Summer  and  Fall. 

In  long  detention  ponds,  the  ice  cover  during  the  winter  increased 
odors  from  summer  averages  of  10  to  winter  averages  of  1500  at  Drayton 
Valley  and  up  to  the  end  of  December  at  Lacombe  and  Holden.  Lacombe 
showed  a  subsequent  increase  to  2  500  which  remained  until  break  up  of  the 
ice  while  Holden  had  an  increase  up  to  20,000  at  the  latter  part  of  the  ice 
cover.  All  odors  were  of  a  sewage  type  except  for  the  latter  part  of  the 
winter  at  Holden  where  a  distinct  change  to  hydrogen  sulfide  odor  was 
noticed. 

Short  detention  ponds  at  Daysland  and  Stony  Plain  had  odors  of 
10,000  and  1500  respectively  and  they  were  about  the  same  strength 
throughout  the  year.  A  slight  odor  was  noticed  in  the  summer  at  Stony 
Plain.  This  odor  did  not  persist  at  distances  greater  than  100  feet  away. 

At  Daysland  a  very  strong  odor  was  present  and  again,  as  at  Holden,  it  was 
a  distinct  hydrogen  sulfide  odor. 

The  hydrogen  sulfide  odor  resulting  at  Holden  and  Daysland  is  most 
likely  coming  from  the  reduction  of  sulfates  to  sulfides.  High  concentration 
of  sulfate  (approximately  500  to  1,000  ppm)  is  associated  with  this  factor 

of  pond  operation. 

Odors  were  obtained  throughout  the  Summer  and  Fall  at  the 
Bruderheim  pond  as  it  never  recovered  fully.  Odors  between  500  and 

obtained  throughout  the  Summer  and  a  strong  dairy  plant  waste 
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odor  was  noticed  In  the  air  for  some  distance  away  from  the  pond.  The 
Winter  odors  reached  a  maximum  of  15,000  of  a  dairy  plant  waste  type. 

Observations  of  the  Spring  transition  period  were  made  in  the 
Spring  of  1959.  The  observations,  at  approximately  weekly  intervals, 
were  made  of  the  odor  of  the  liquid  and  odor  in  the  air  around  the  ponds. 

The  periods  of  time  stated  below  indicate  the  recovery  time  from 
ice  break-up  to  the  time  when  no  odor  in  the  air  was  noticed.  The  short 
detention  ponds  are  not  listed  as  these  have  only  a  slight  odor  present  in 
the  general  area  throughout  the  year. 


TABLE  XII 

LOCATION   RECOVERY  TIME  IN  WEEKS 


DRAYTON  VALLEY 

Pond  #1 

3 

Pond  #3 

1 

BRUDERHEIM 

No  recovery 

HOLDEN 

8 

LACOMBE 

4 

From  the  Drayton  Valley  system  it  can  be  seen  that  the  final  (#3) 
pond  had  a  shorter  recovery  time  than  that  of  the  first  pond  and  also  that  of 
the  single  cell  system  at  Lacombe .  This  can  be  attributed  to  the  absence  of 
sludge  which  is  present  only  in  the  first  cell  and  also  in  the  single  cell 


system . 
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TABLE  XIII 


Excluding  the  loadings  at  Myrnam,  the  short  detention  ponds 
received  and  treated  quite  successfully  loadings  ranging  from  1390  lbs/acre/day 
(Calmar)  to  4,920  lbs/acre/day  (Stony  Plain). 

Some  odor  problems  were  encountered  in  short  detention  ponds 
where  a  high  sulfate  content  was  present  or  the  pond  received  dairy  plant 
wastes  but  these  did  not  effect  the  treatment  efficiencies  to  any  extent.  The 
Summer  and  Winter  operations  proved  to  be  the  same  in  B.O.D.  removal. 

The  long  detention  ponds  received  loadings  ranging  from  8.8 
lbs/acre/day  (Stony  Plain  Pond  #4)  to  79.4  lbs/acre/day  (Drayton  Valley 
Pond  #1).  In  the  Summer  all  efficiencies  were  quite  good,  while  Winter 
efficiencies  were  in  a  lower  range  for  the  late  Winter  when  the  most  critical 
conditions  were  obtained. 

With  the  results  shown  on  the  preceding  table  it  can  be  seen  that  a 
combination  of  the  short  and  long  detention  systems  would  give  very  good 
treatment  of  sewage  from  the  point  of  view  of  B.O.D.  removal,  nitrogen 
and  phosphate  decomposition  and  lowering  of  the  detergents  and  oils  and 
greases  content. 

DISSOLVED  OXYGEN 

There  was  a  large  variation  of  dissolved  oxygen  found  in  all 
seasons  of  the  year.  The  D.O.  was  found  in  all  long  detention  ponds  with 
the  exception  of  Bruderheim  which  never  fully  recovered  in  the  Spring  and 
Summer.  No  D.O.  was  detected  in  the  short  detention  ponds  (Stony  Plain 

and  Daysland)  in  any  of  the  seasons. 

The  summer  D.O.  showed  the  greatest  variation  between  1.9 
(Holden)  and  33.0  ppm  (Lacombe)  while  the  Fall  variations  were  from  0.1 
(Lacombe)  to  12.2  ppm  (Holden).  Some  D.O.  was  detected  under  the  ice 
during  the  first  part  of  the  winter  (9.7  ppm  maximum  at  Holden)  but  this 

thicker  ice  layer  and  a  snow  cover  was  obtained. 
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In  the  Spring  D.O.  's  were  not  obtained  until  the  ponds  recovered 
which  made  it  late  Spring  or  early  Summer  because  of  the  longer  winter 
periods  obtained  in  Alberta. 

On  June  24  and  25,  1958  the  dissolved  oxygen  was  run  on  the 
Holden  sewage  pond  at  intervals  of  three  hours  during  the  24  hour  period. 

The  results,  tabulated  below,  showed  that  immediately  after  sundown,  D.O.  's 
began  to  decrease  until  the  morning,  when  once  again  sunlight  was  obtained. 


TABLE  XIV 

TIME 

SURFACE  D.  O.  ppm 

2  Ft.  Depth  D.O.,  ppm 

12:00  Noon 

15.6 

10.  3 

3:00  p . m . 

15,6 

12.0 

6: 00  p. m . 

1 5.  6 

15.  1 

9:00  p. m . 

13.  2 

12.2 

12:00  Midnight 

7.  1 

6.  5 

3:00  a.  m. 

4.  5 

4.  0 

6:00  a. m . 

4.2 

3.  3 

9:00  a.  m. 

7.8 

7.0 

At  the  time 

of  sampling  the  overall  depth  of  the  pond  was  3  feet 

and  sampling  was  done  from  a  raft.  The  deeper  sample  was  taken  approx¬ 
imately  one  foot  off  the  bottom  of  the  pond. 

pH 

Long  detention  ponds  showed  a  general  cycle  of  pH  throughout  the 
year.  The  pH  obtained  in  the  late  Spring,  Summer  and  Fall  were  quite  high, 
in  the  range  of  8.3  to  10.2  and  in  the  Winter  they  usually  dropped  to  the  range 
of  7.  3  to  8.  0.  The  high  summer  pH  was  during  the  periods  when  a  dissolved 
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oxygen  was  obtained. 

The  long  detention  pond  at  Bruderheim  was  not  operating  in  the 
above  fashion.  The  pH  range  for  the  Summer  was  7.  1  to  7. 8  and  for  the 
Winter  it  dropped  below  7.0  with  a  minimum  of  5.95  obtained  in  March, 

1959. 

Short  detention  ponds  showed  the  same  pH  range  of  between  7. 0 
to  7.8  in  the  operation  throughout  the  year. 

With  the  exception  of  Bruderheim  and  Thorsby,  no  other  pond 
obtained  a  pH  below  7, 0. 

NITROGEN 

The  total  and  ammonia  nitrogen  analysis  varied  in  a  similar 
fashion,  with  the  total  nitrogen  content  being  slightly  higher  than  the 
ammonia  nitrogen  content. 

In  short  detention  ponds,  the  concentration  of  the  nitrogens  stayed 
at  approximately  the  same  level  as  for  the  entering  raw  sewage.  Multiple 
short  detention  ponds  (Stony  Plain)  showed  a  slight  decrease  at  the  different 
stages  but  not  enough  to  conclude  that  nitrogen  compounds  were  decomposing. 

Long  detention  ponds  showed  that  nitrogen  contents  decreased  to 
very  low  concentration  in  the  summer  and  fall  operations.  Subsequent  ice 
cover  resulted  in  increasing  concentration  to  that  of  the  raw  sewage.  With 
the  Spring  turnover  nitrogen  concentrations  were  found  to  decrease  once 
3 ga.in .  This  occurred  in-  single  cell  ponds,  while  multicell  ponds  showed  a 
gradual  decrease  of  concentration  from  the  first  to  the  last  pond  in  the 
Summer  and  in  the  Winter  they  were  at  approximately  the  same  as  the  raw 
sewage.  The  last  pond  of  the  multicell  system  usually  had  traces  of  nitrogens, 
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while  single  cells  had  measureable  amounts  of  approximately  1  or  2  ppm  in 
Summer  operations. 

The  nitrite  and  nitrate  nitrogen  concentrations  were  quite  low 
during  any  season  and  also  in  any  system  with  a  somewhat  lower  concentra¬ 
tion  in  the  Winter  for  long  detention  ponds.  The  Summer  concentrations  of 
the  nitrate  and  nitrite  were  in  the  order  of  0.  1  and  0.  002  ppm  respectively. 

The  Stony  Plain  4th  pond  had  a  nitrate  content  which  was  approx¬ 
imately  1  ppm  or  ten  times  higher  than  the  average  for  other  ponds.  This 
was  the  only  pond  that  differed  from  all  of  the  rest. 

PHOSPHATES 

The  analysis  for  the  ortho-phosphate  here  showed  that  a  similar 
behavior  of  the  concentration  throughout  the  year  was  not  obtained  for 
similar  ponding  systems.  At  Stony  Plain  the  short  detention  ponds  had  a 
concentration  approximately  the  same  as  the  raw  sewage  phosphate  content, 
while  the  Daysland  pond  showed  an  increase  in  concentration  of  68%.  The 
Holden  and  Drayton  Valley  long  detention  ponds  behaved  similarly  in  that 
the  phosphate  concentration  in  the  Summer,  with  the  high  pH  present  was 
low  while  Winter  concentrations  increased  to  that  of  the  raw  sewage  content. 

A  dissimilar  behavior  of  long  detention  ponds  occurred  at  Lacombe 
and  Bruderheim.  At  Lacombe  the  Winter  concentration  was  approximately 
33%  higher  than  that  of  the  raw  sewage  content  and  only  19.5%  lower  in 
the  Summer,  which  is  higher  than  for  Holden  (7  6%  and  Drayton  Valley  88%). 
Although  high  pH's  were  obtained  at  Lacombe  in  the  summer,  the  phosphate 
content  remained  quite  high.  The  Bruderheim  long  detention  pond  behaved 
quite  differently  than  any  other  pond.  The  phosphate  content  in  the  Winter 
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reached  a  maximum  of  203  ppm  and  the  Summer  average  was  approximately 
100%  higher  than  the  17  ppm  phosphate  in  the  raw  sewage.  The  high  Winter 
concentration  could  possibly  be  explained  by  considering  the  low  pH's  of 
below  7.0  obtained  during  that  period. 

At  present  the  peculiar  behavior  of  the  ortho-phosphate  content 
can  not  be  explained  but  it  is  believed  that  a  combination  of  pH,  temperature, 
hardness,  alkalinity  and  bacterial  reaction  may  have  possible  effects  upon 
the  content  at  any  season.  As  further  investigations  were  not  done  on  this 
problem,  a  definite  conclusion  cannot  be  made.  . 

SULFATES 

The  sulfate  content  of  the  ponds  were  mainly  affected  by  the 
content  in  the  town  water  supplies.  There  was  some  variation  in  concen¬ 
tration  between  different  seasons  such  as  a  decrease  in  the  Winter  at 
Daysland  and  Bruderheim  and  an  increase  at  Holden,  Stony  Plain  and  Drayton 
Valley,  while  Lacombe  showed  no  variation.  This  increased  concentration 
in  the  Winter  could  mainly  be  attributed  to  the  freezing  of  the  liquid. 

The  concentration  of  sulfate  in  the  liquid  varied  from  0 
(Bruderheim)  to  1922  ppm  (Holden).  Lacombe  had  the  lowest  average 
content  at  approximately  46  ppm,  while  Drayton  Valley  and  Stony  Plain 
followed  at  240  (Pond  3)  and  270  ppm  (Pond  3)  respectively  in  the  Winter. 
Daysland  at  680  ppm  in  the  Winter  and  Holden  at  1625  ppm  also  in  the 
followed  next.  Bruderheim  s  concentrations  dropped  from  105 
ppm  in  the  late  Fall  to  0  ppm  in  the  late  Winter.  This  shows  that  the 
sulfate  was  reduced  to  either  the  sulfide  or  some  other  material  which 
did  not  show  on  the  analysis.  It  is  possible  that  some  reduction  of  sulfate 
to  sulfide  occurred  at  Lacombe  but  this  was  insufficient  to  detect  any 
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hydrogen  sulfide  odor.  Hydrogen  sulfide  odors  were  detected  only  at 
Holden  and  Daysland,  thus  showing  a  definite  reduction  in  sulfate. 

ALKALINITY 

In  most  cases  where  samples  from  long  detention  ponds  were  taken 
the  total  alkalinity  increased  under  the  ice  while  the  phenolphthalein 
alkalinity  disappeared.  Summer  samples  had  lower  total  alkalinities 
but  there  was  phenolphthalein  alkalinities  present.  The  alkalinities  of 
short  detention  ponds  were  at  the  same  level  regardless  of  the  season. 

The  levels  of  alkalinity  varied  from  one  place  to  another  but 
this  was  mostly  due  to  the  original  alkalinity  of  the  water  supply. 

CHLORIDES 

Since  chloride  ions  are  not  affected  appreciably  by  natural 
chemical  or  biological  action  their  concentrations  in  the  ponds  are 
dependent  upon  evaporation  and  dilution  of  the  liquid  and  also  the  initial 
content  of  the  raw  sewage.  Removal  of  the  ion  is  by  seepage  or  effluent 
discharge.  In  this  part  of  the  country,  concentration  may  increase 
considerably  in  the  winter  when  thick  ice  layers  are  obtained. 

In  most  cases  in  this  project  concentrations  of  approximately 
100  ppm  were  found  in  the  ponds.  This  indicates  that  there  were  increases 
of  5  to  10  times  the  water  supply  concentrations  by  the  addition  of  raw 
sewage.  It  may  also  be  noted  that  the  pond  chloride  concentration  was 
approximately  the  same  as  that  for  the  raw  sewage.  Only  one  pond 
system,  at  Holden,  did  not  follow  the  above  trend.  In  this  case, 
concentrations  of  300  to  500  ppm  were  obtained. 
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whereas  the  incoming  sewage  had  a  concentration  of  approximately  100 
ppm.  At  the  present  time  no  definite  explanation  is  available  for  the 
differences  in  concentrations  of  chloride  between  the  pond  and  incoming 
sewage,  but  it  is  quite  possible  that  leaching  of  the  soil  occurs. 
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FINAL  REPORT  OF  A  MICROBIOLOGICAL  STUDY  OF  SEWAGE  LAGOONS 

LOCATED  IN  NORTHERN  ALBERTA 

INTRODUCTION 

On  May  20th,  19  58,  a  joint  investigation  was  commenced  by  members 
of  the  Department  of  Bacteriology  of  the  University  of  Alberta  in  conjunction 
with  members  of  the  Division  of  Sanitary  Engineering  of  the  Department  of 
Public  Health  of  the  Province  of  Alberta,  with  the  object  of  studying  a  number 
of  sewage  lagoons  located  in  Northern  Alberta.  Study  of  the  microbial  flora  in 
samples  obtained  from  the  various  sewage  lagoons  was  done  in  the  Department 
of  Bacteriology.  Various  chemical  tests  were  done  on  the  samples  by  members 
of  the  Sanitary  Engineering  Division.  The  lagoons  under  investigation  varied  in 
construction  and  efficiency,  and  it  was  hoped  that  a  study  of  the  microbial  flora 
present  in  these  lagoons  would  reveal  not  only  a  seasonal  fluctuation  of  the  flora 
but  also  peculiarities  or  differences  which  might  explain  the  difference  in  oper¬ 
ating  efficiency  of  the  lagoons. 

No  similar  study  of  the  microbial  flora  of  operating  sewage  lagoons 
in  this  part  of  the  world,  or  in  climatic  conditions  similar  to  those  existing  in 
Western  Canada  had  been  reported.  Therefore,  the  initial  phase  of  our  inves¬ 
tigation  of  necessity  involved  the  establishment  of  a  method  of  obtaining  proper 
samples;  a  sampling  routine;  and  suitable  laboratory  techniques  for  the  exam¬ 
ination  of  the  samples.  The  details  of  these  technical  problems  have  been 
fully  discussed  in  the  thesis  presented  by  Mr.  Arthur  Garden  of  the  University 
of  Alberta  for  the  degree  of  Master  of  Science.  Suffice  it  to  say  that  a  special 
sampling  device  was  constructed  for  the  purpose  of  obtaining  sewage  samples 
from  two  levels  (namely,  one  foot  below  the  surface,  and  one-half  foot  above 
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the  bottom  of  the  lagoon)  without  mixing  of  sewage  from  above  or  below.  The 
temperature  of  the  sample  at  the  time  of  sampling  was  determined. 

Samples  were  always  to  be  taken  from  the  same  location  in  the 
lagoon  (a  procedure  which  was  not  always  adhered  to  as  will  be  seen  in  the 
discussion  of  our  results).  Samples  were  to  be  taken  periodically  at  approxi¬ 
mately  two-week  intervals.  This  procedure  was  followed  until  the  latter  part 
of  the  investigation  when  a  longer  period  of  time  was  allowed  to  elapse  between 
sampling.  After  initial  instruction  by  members  of  the  Department  of  Bacter= 
iology  as  to  the  method  of  sampling,  members  of  the  Sanitary  Engineering 
Division  obtained  the  samples  and  transported  them  to  the  Laboratory  of  the 
Department  of  Bacteriology  where  the  microbiological  examinations  were 
done . 

In  the  laboratories  of  the  Department  of  Bacteriology,  a  viable  or 
living  count  of  the  aerobic  bacteria  present  in  1  ml.  of  the  sample  was 
determined  at  incubation  temperatures  of  37.5°C,  20.0°C,  and  7.0°C.  The 
number  of  viable  anaerobic  bacteria  per  ml.  was  determined  at  an  incubation 
temperature  of  37. 5°C.  The  most  probable  number  of  coliform  bacteria  was 
determined  for  each  sample.  The  total  number  of  algae  per  ml.  of  sample 
and  the  predominating  kind  of  algae  was  determined.  Periodically,  samples 
from  all  lagoons  were  examined  for  possible  human  pathogenic  (disease- 
causing)  bacteria.  The  laboratory  procedures  employed  were  all  standard 
procedures  and  have  been  fully  described  in  the  thesis  previously  mentioned. 

Sewage  lagoons  investigated  in  this  manner  were  located  at  Holden, 
Daysland,  Bruderheim,  Lacombe  ,  Stony  Plain  and  Drayton  Valley. 


litq  to  9rnj  *xl)  ie  a  q  ixs 8  9  fit  .0  ■  liit-i oqm:,; 


>  •  o r  an  .>a  £.  xoi  n  fr  t  »d  oj  2  r,’  s  ::•■  oW  <.3!*  x  3 

' 

•(GW  b  doi  *  s  /  doi/fw  o  1/boDoiq  fi)  noogjsi 


iVOlJi  zy  -i  *':o  bo f  ji  to.  i  &  j  v  no  -  iJe  >v. ii  jrf}  ::o 
1  .1  nvdm  /010  t1?  X.l  ;ioi  >  \  .  ,n:  q/ma 


it  a  is.  v  ■  uv.  <*ri.  to  oT'jdr.ism  ,  4 ni f cjj  3  ]  >  bo.  .  ~i  jj  t  .»i  1  \  ;•  iIqi 

oi  maxi :  fc  1'ioqartfiti  b  u  asJc.rr  ,.a  1  i  n  gJdo  xioiaiviCl 


ri3  otoriv.  v  oioin  .jj  U  norrdtjsqsd 


drmrrr  s'decfon  4  i  10m  >riT  .O^.Tg  *o  stbtet&qraal 


-s  ^  o£  to  b  tid  n  *  f  rfi  bius 

. 


a  bn£  nishl  y.'ToJd  t  odmo^/.JL  <  mioxitabinfl  .bnBlavsCJ 


3 


The  results  of  the  microbiological  study  of  180  samples  taken  from 
the  various  lagoons  are  presented  graphically  in  Figures  1  to  28.  The  actual 
enumeration  of  the  various  micro-organisms  present  in  these  samples  are 
presented  in  Tables  I  to  XVIII.  The  dates  of  sampling  for  each  lagoon  are 
given  in  Appendix  A.  The  total  number  of  microbiological  examinations  done 
in  the  laboratory  was  1,008. 

RESULTS 

The  microbiological  details  of  top  and  bottom  samples  taken  from 
the  various  lagoons  under  study  are  presented  graphically  in  Figures  1  to  8 
and  21  to  28.  Each  of  these  figures  show  the  number  of  aerobic  bacteria 
which  grew  in  the  laboratory  at  the  incubation  temperatures  employed  (namely, 
37.5°C,  20 . 0°C  and  7 . 0°C) ,  when  one  ml.  of  the  sample  was  tested.  The 
number  of  anaerobic  bacteria  per  ml.  of  sample  growing  at  37.5°C  is  also 
shown.  In  the  figures  the  most  probable  number  of  coliform  bacteria  is 
given  for  1  ml.  of  sample.  The  total  number  (living  and  dead)  of  algae  per 
ml.  of  sample  is  shown.  Tables  I  to  XVIII  give  the  exact  figures  obtained 
in  the  enumerations  presented  in  the  graphs.  Figures  9-20  contrast  the 
viable  bacteria  counts  obtained  at  37.5®C,  20.0  C  and  7.0  C  for  the  four 
principle  lagoons  studied  (namely,  Holden,  Daysland,  Bruderheim  and 

Lacombe) ,  and  the  algae  counts. 

Tables  XIX  -  XXVII  give  the  various  environmental  conditions 

(temperature,  etc.)  existing  for  each  lagoon  on  the  date  each  sample  was 


taken. 
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Figures  29  and  30  present  graphically  the  pH  and  the  dissolved 
oxygen  existing  in  the  four  principle  lagoons  on  the  various  sampling  dates. 

Appendix  B  shows  the  predominating  genera  of  algae  present  in  top 
and  bottom  samples  taken  from  each  lagoon  throughout  the  sampling  period. 

DISCUSSION  OF  INDIVIDUAL  LAGOONS 

For  the  purpose  of  discussing  the  microbial  populations  present  in 
individual  lagoons,  the  counts  from  top  and  bottom  samples  for  each  sampling 
date  have  been  averaged.  When  only  a  single  sample  from  either  the  top  or 
bottom  of  the  lagoon  is  available,  this  count  has  been  used  in  the  discussion. 
The  counts  which  differ  markedly  from  immediately  previous  and  subsequent 
counts  for  the  same  lagoon  are  discarded,  since  they  are  considered  to  be 
due  to  experimental  error.  Each  microbial  count  is  approximated  to  the 
nearest  power  to  the  base  10.  The  latter  figure  is  used  to  describe  the 
population  curve. 

Whenever  the  dilution  of  the  sample  is  inadequate  to  determine  the 
MOST  PROBABLE  number  of  coliforms,  previous  and  subsequent  counts  are 
considered  to  determine  an  approximate  value. 

The  environmental  features  are  considered  in  relation  to  microbial 

populations . 

GENERAL  DISCUSSION  OF  ALL  LAGOONS 

The  microbial  populations  of  all  lagoons  are  compared  during  a 
period  of  standard  operation.  This  period  lasts  for  12  months  between  the 
times  of  drainage  in  November  of  each  year  (the  actual  standard  period  of 
operation  was  from  November  1958  to  November  1959).  During  the  period 
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of  standard  operation  there  was  no  change  in  the  method  of  operating  the 
lagoon.  To  show  their  relative  functional  capacity,  all  lagoons  are 
compared  during  this  standard  period  specifically  for  the  late  winter  of 
19  59  (from  February  17th  to  March  10th),  and  the  late  summer  of  19  59 
(from  August  27th  to  September  1st). 

Microbial  populations  are  discussed  in  four  distinct  groups. 
The  bacteria  are  considered  in  three  groups: 

(1)  The  sum  of  aerobes  at  7°C  ,  20°C  and  37.5°C: 

(2)  The  anaerobes: 

(  3)  The  coliform  group. 

Finally,  the  total  count  of  algae  is  given. 

ADDITIONAL  INVESTIGATIONS 

In  addition  to  the  major  investigation  previously  described, 
the  following  experiments  were  done. 

A  laboratory  research  project  using  pilot  or  scale  model 
lagoons  maintained  under  standardized  conditions  throughout 
test  period.  The  results  are  presented  in  Tables  XXVIII 

and  XXIX. 

B.  Investigation  of  microbial  populations  in  lagoon  effluent  at 
various  locations  along  the  drainage  course.  The  results 
are  presented  in  Table  XXX. 

C.  Investigation  of  microbial  populations  in  ice  cover  of  a  sewage 
lagoon.  Results  are  presented  in  Table  XXXI. 
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D.  Spot  test  investigation  of  microbial  populations  in  sewage 

lagoons  located  in  northern  Alberta  but  widely  separated 
geographically.  The  results  are  presented  in  Table  XXXII. 
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HOLDEN  SEWAGE  LAGOON 

The  detention  time  for  the  storage  lagoon  at  Holden  is  cal~ 
culated  to  be  274  days,  i.e.  ,  the  time  required  to  fill  to  the  maximum 
possible  depth  of  4  feet.  The  lagoon  is  not  used  to  its  maximum  capacity 
because  it  is  drained  to  the  one  foot  level  in  April  and  November  of  each 
year.  Since  only  3  feet  of  depth  is  actually  used,  the  detention  time  is 
really  205.5  days.  (Appendix  B).  There  are  two  periods  when  the  lagoon 
is  filling  with  sewage  fluid,  one  from  April  to  November  through  the  warm 
seasons  when  there  is  open  water,  and  the  other  throughout  the  winter 
season  from  November  to  April  when  most  of  the  water  is  transformed 
into  the  ice  cover.  The  thickness  of  the  ice  increases  throughout  the 
winter  (from  0  inches  to  24  inches)  and  varies  from  winter  to  winter.  The 
liquid  portion  also  varies  in  depth  (January/59  -  6  inches;  January/60  = 

16  inches). 

Samples  were  taken  from  the  lagoon  during  the  20  month  period 
June  4/58  to  January  6/60.  (Appendix  A).  When  the  depth  of  the  liquid 
became  too  shallow,  following  the  draining  of  the  lagoon  to  the  one  foot 
level,  or  after  the  formation  of  the  ice  cover,  only  single  samples  were 
taken.  Both  top  and  bottom  samples  were  taken  in  the  summertime  when 
the  liquid  increased  in  depth  from  2  feet  to  3.3  feet.  The  samples  were 
taken  at  a  location  in  the  body  of  the  lagoon  40  feet  from  the  west  bank. 

(Appendix  C). 

The  environmental  factors  were  determined  throughout  the 
investigation.  (Table  XIX).  The  dissolved  oxygen  was  measured  by  the 
Winkler  method.  During  the  warm  months  the  concentration  was  quite 
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variable.  The  highest  concentration  18.8  ppm  of  dissolved  oxygen 
occurred  in  July/58.  In  November/58  after  4  inches  of  ice  formed  over 
8  inches  of  liquid  and  the  lagoon  temperature  was  0. 75°C  there  was 
9.  7  ppm  of  dissolved  oxygen  present.  During  the  winter  subsequent 
samples  contained  no  measurable  dissolved  oxygen.  The  temperature 
of  the  sewage  fluid  at  the  time  of  sampling  was  the  same  for  both  the 
top  and  bottom  samples.  The  maximum  temperature  measured  was  25°C 
which  occurred  in  July/58.  The  minimum  temperature,  1°  -  0°C 
occurred  during  the  winter  from  November/58  to  February/59.  The 
range  of  pH  varied  between  9 . 6  in  July/  58  and  7 .  6  in  March/  59 ,  thus 
the  sewage  fluid  was  always  alkaline  at  the  time  of  sampling.  However, 
it  was  more  alkaline  during  the  warmer  months. 

The  aerobic  viable  bacteria  counts  at  the  incubation  temperatures 
of  7°,  20°,  and  37.  5°C  followed  the  same  general  yearly  pattern  of 
fluctuation.  (Tables  I,  II:  Figures  1,  2,  10  -  20).  This  pattern  appeared 
to  follow  the  draining  and  the  filling  routine  of  the  fluid  volume  of  the 
lagoon.  Following  the  drainage  of  the  lagoon  to  the  one  foot  depth  of 
liquid  in  April/58  the  counts  were  at  their  highest.  After  the  sewage 
filled  the  lagoon  to  the  depth  of  3.  3  feet  in  September / 58 ,  the  counts 
were  at  their  lowest  value.  During  the  winter  period  as  sewage  was 
filling  the  lagoon  and  the  liquid  was  being  transformed  into  ice,  the 
counts  continued  to  increase  to  high  values  again.  While  the  lagoon  was 
being  filled  to  a  depth  of  12  inches  under  an  ice  cover  of  18  inches  by 
February/59,  the-count  of  anaerobes  increased  by  100-fold  and  the 
aerobes  decreased  in  count.  The  aerobes  returned  to  the  January/59 
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level  by  March/ 59.  After  the  ice  melted  the  lagoon  was  drained  to  the 
one  foot  level  in  April/ 59.  In  May/59  when  a  full  year  of  investigation 
was  completed  the  counts  of  the  aerobes  were  again  near  the  high  counts 
of  June/ 58. 

F rom  June/58  to  the  middle  of  July/ 58  the  coliforms  decreased 
to  their  lowest  value  near  lO’/ml.  From  July  to  March/ 59  near  the  end 
of  the  winter  and  under  the  cover  of  ice  the  coliforms  increased  to 
10^/ml. 

The  viable  count  of  anaerobic  bacteria  grown  at  37.5°C  followed 
a  similar  fluctuation,  but  the  minimum  count  came  at  the  end  of  July/ 58 
at  the  level  of  10  /ml.  During  the  fall  and  early  winter,  as  the  lagoon 
was  drained  and  filled  again  and  as  ice  formed  on  the  surface,  there  was 
a  steady  increase  in  count  to  10 ^/ml.  by  January/ 59.  The  count  re¬ 
mained  high  and  steady  until  May/59.  At  this  time  the  count  was  again 
similar  to  June/ 58. 

The  general  trends  shown  in  aerobic,  anaerobic  and  coliform 
counts  from  June/ 58  to  May/ 59  were  repeated  the  following  year. 

The  algae  maintained  a  high  count  of  10 5  to  lO^/ml  throughout 
the  investigation  except  when  they  were  too  numerous  to  count 
(February/ 59 )  or  not  evident  (March/59)  in  the  sample. 

During  the  summer  of  1958  from  June  to  September  the 
crustacean,  daphnia,  and  the  protozoan,  paramecium,  were  present. 
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DAYSLAND  SEWAGE  LAGOON 

A  short  detention  lagoon  which  takes  only  6.2  days  to  fill  to  Its 
maximum  depth  of  6  feet  is  used  as  a  sludge  pit  for  the  raw  sewage 
received  from  the  town  of  Daysland.  After  the  lagoon  is  filled  the  sewage 
liquid  overflows  continuously  into  a  slough.  Sludge  is  filling  the  lagoon 
at  a  rate  of  12  inches  per  year,  decreasing  the  detention  time.  The 
maximum  depth  at  the  beginning  of  the  sampling  period  in  September/58 
was  46  inches  and  the  actual  detention  time  was  4.  1  days.  When  the  final 
sample  was  taken  in  January/ 60  the  depth  was  only  30  inches  and  the  over¬ 
flow  occurred  after  2.6  days  of  filling  the  lagoon.  (Appendix  B). 

During  the  winter  the  temperature  in  this  lagoon  is  maintained  at 
a  higher  level  and  thus  only  a  thin  ice  cover  forms.  In  January/ 59  the 
temperature  was  3°C  when  the  liquid  depth  was  42  inches  and  the  ice  was 
9  inches  thick.  In  January/60  the  temperature  was  1.5°C,  the  depth  30 
inches  and  the  ice  cover  was  only  7  inches  thick.  No  dissolved  oxygen 
was  detected  by  the  Winkler  method  throughout  the  investigation.  Only 
one  sample  in  September/59  had  an  acid  reaction  (pH  6.95);  all  others 
were  alkaline  within  the  range  of  pH  7 . 9  to  7 . 25.  Both  the  top  and  bottom 
samples  had  the  same  temperature.  The  maximum  temperature  recorded, 
15.  5°C  ,  occurred  in  September/58  and  the  minimum  temperature  during 
the  winter  of  1958  was  3°C.  (The  lowest  temperature,  1.5°C,  was  in 
January/60  when  the  liquid  was  30  inches  deep).  (Table  XX). 

Samples  were  taken  from  the  lagoon  during  the  17  month  period 
from  September  16/58  to  January  27/60  (Appendix  A).  The  samples  were 
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taken  from  the  body  of  the  lagoon  in  the  northwest  corner  (Appendix  C). 
The  samples  were  taken  between  noon  and  2:30  p.m.  They  were  taken 
once  a  month  from  September/58  to  March/59;  then  again  in  May  and 
September  of  1959  and  finally  in  January  I960. 

The  microbial  counts  were  nearly  constant  and  remained  high 
with  minimal  fluctuations  throughout  all  the  seasons.  (Table  III,  IV; 
Figures  3,  4,  10-20). 

Aerobic  bacteria  grown  at  7°C  and  20°C  maintained  a  high 

count  slightly  above  10^/ml.  throughout  the  investigation.  The  aerobes 

grown  at  37.5°C  were  at  a  slightly  lower  count  during  the  same  period. 

From  September/58  to  January/ 59  the  count  decreased  from  10^  to  near 

10 ^/ml.  and  maintained  a  steady  count  until  January/ 60  though  the  plate 

count  fluctuated  slightly.  The  coliform  count  was  never  less  than 

approximately  10^/ml.  Through  the  fall  of  1958  the  Most  Probable 

Number  was  probably  greater  than  105/ml.  (the  count  of  the  February/ 59 

5  4 

sample).  Then  the  coliform  count  decreased  to  between  10  and  10  /ml. 
and  maintained  a  steady  count  greater  than  104/ml.  until  January/60. 
From  September/58  until  the  ice  formed  in  November  the  anaerobic 
count  was  10^/ml.  From  December/58  to  January/60  the  count  fluc¬ 
tuated  about  105/ml.  The  total  algae  count  was  low  in  September/ 58 
(10^/ml).  In  October/58  during  the  open  water  and  then  in  November/58 
when  the  ice  had  formed  there  were  too  few  algae  to  count  accurately. 
During  the  period  from  December/ 58  to  February/ 59  when  there  was  an 
ice  cover  and  the  liquid  averaged  a  temperature  of  3°C  and  in  March/59 
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when  there  was  open  water  and  a  temperature  of  5°C  the  algae  were  too 
numerous  to  count  (greater  than  8.0  x  10^/ml)  and  the  odor  was  that  of  a 
pig-pen.  From  May/ 59  until  January/ 60  the  total  algae  count  averaged 
lO^/ml.  and  the  normal  sewage  odor  was  present.  (Appendix  E). 
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BRUDERHEJM  SEWAGE  LAGOON 

During  the  summer  and  winter  of  19  58  the  Bruderheim  lagoon  was 
used  as  a  storage  lagoon  and  during  the  warm  season  of  1959  as 
continuously  overflowing  lagoon.,  The  calculated  detention  time  is  200 
days  to  fill  the  lagoon  to  the  maximum  possible  depth  of  4  feet.  The 
actual  storage  time  of  this  lagoon  is  150  days  when  the  lagoon  is  drained 
to  the  one  foot  level  and  only  the  top  3  feet  are  used.  (Appendix  B).  In 
the  first  warm  season  the  lagoon  was  filled  to  the  depth  of  approximately 
3.5  feet  from  April  to  November/58  and  then  drained.  During  the  winter 
of  1958  the  lagoon  was  used  to  store  the  sewage  fluid,  allowed  to  fill  to 
the  maximum  capacity  of  4  feet  and  then  allowed  to  overflow  during  the 
following  warm  season  of  1959.  The  overflow  continued  until  November/59 
when  the  lagoon  was  drained  to  the  one  foot  level.  During  the  final 
winter  the  lagoon  was  again  filling  as  a  storage  lagoon. 

Sampling  occurred  over  a  period  of  19  months  from  July  3/58  to 
January  5/60  (Appendix  A).  The  samples  were  taken  between  11:00  a.m. 
and  3:00  p.m.  from  the  outlet  location  at  the  middle  of  the  north  bank 
(Appendix  C).  The  use  of  the  lagoon  from  June/ 58  to  June/ 59  could  have 
been  considered  as  a  full  year  of  routine  operation  except  that  the  lagoon 
was  allowed  to  overflow  during  the  open  water  season  of  1959.  However, 
a  full  sampling  year  with  a  standard  routine  of  operation  occurred  between 
the  time  of  drainage  of  the  lagoon  in  November/58  and  in  November/59. 

The  study  from  the  microbiological  point  of  view  will  be  considered 

during  this  time. 


as  p<?  *1  lo  .  ;  »«.  rr  1*  i  'b  >*  •  noog&X  a  <57oJe  £.  bj  f  oa u 

e  jtii  aolift  lab  b‘  jt>  *  1  .  >o;  el  3^ni '^oHi  > 'Q  ylax/oi/xriinoo 


(X  .  lael  £  lo  d  nb  aid  >q  m  .«  a  sr  ‘  o4  aoo-fsi  adi  Ilil  o4  ayfib 
bo  ;^*3  :>  •  is  i'  "  v  h  00,-b  <  In  fo  mi:  9,-*.  !  ulOB 


. 

4  o?  b  »XIil  -;.v/  rtocasl  >d4  noa^^a  irrxr.w  4a  til  aril 


■v  ©ii-  I  .<n  i  tar  J  >c  f  *  \  .f  >voVT  o  Iii<  A.  xnoi t  loal  c  . £ 


->.+  i  !••  .b  !••  >.v.:-.wae  J  !  b  fc  f  aoopjil  >H4  0  ’PI  lo 


L  ml  arf4  $:  "iKT  Javal  1c  jl  3  ;o  arii  o4  banisib  sbw  noogjsl  9^4  fiarfw 


>ogjsi  agi  to  •  s  ax?  :  '  lii.  8  i.ocgs!  9x14  ia  n  w 


’  •  ax;  *  Srx ■•  9 1 1 4  j  ,  ,rc  o  »f  ■  •  U-o  *14  me  tl  ./  q  00:  b  bnx; 

»v  .1  Li'o:  »•  i t>i  u  o  «<*  \ s/i ■  •  n  1  ioooi.[  9X’  ■  o  van  o  T  (D  xibnaqqA.) 

I  >4  1a  X*  oo  no  i  3  ;x*»q  nJuo  lo  u  ay  t  «:  >;  r  btRnoo  xi9‘  d 

-!  iviwjH  .  ?:  t  ■  :)  c>h  -v  r  qo  a  jyrrb  •;>  wo.  f » •  vo  oi  oawoXIxi  asw 

r«H,  lo  ai:i/o:  b,  hart-  &  ;  i*  n  grrilqiruj*  XIx/1  fi 


. 


.  Ti  ©d  ■  av.>:  'I  bf  r,  8c \i*dx.v,\  VI  ni  ocg.iT  ad!  lo  a.  e  Bib  lo  9 mi 4  9x14 
bM9bia::oo  ad  IlJw  waiv  lo  Jnioq  i^igoioidoioi;  >  '  moil  ybx/4e  9ii'I 

•  9  mi  aidi  aaiiixb 


14 


The  environmental  factors  before  November/ 58  were  not 
considered  since  they  were  incomplete  up  to  this  date.  After  November / 5 8 
the  environmental  factors  were  as  follows:  No  measurable  dissolved 
oxygen  was  evident  in  any  of  the  samples.  The  maximum  temperature 
recorded  in  the  lagoon  was  20°C  in  July/ 59.  The  minimum  temperature 
observed  was  0.  25  C  in  November  / 5 8 .  The  pH  was  alkaline  during  the 
warm  seasons,  fluctuating  about  7.7,  while  under  the  ice  the  pH  was  7.  0 
and  as  low  as  5.95  (Table  XXII). 

Only  single  samples  were  taken  during  the  winter  storage  period 
of  1958.  As  the  sewage  liquid  filled  the  lagoon  an  ice  cover  formed 
probably  beginning  at  the  time  of  the  November/ 58  sample.  The  ice 
increased  in  depth  to  3.  5  feet  by  March/ 59.  The  liquid  remained  at  the 
one  foot  level  and  then  decreased  to  0.  5  feet  in  March/59.  The  liquid 
was  acidic,  had  a  pigpen  odor  and  was  at  a  temperature  of  0.  5°C 
during  this  period. 

During  this  storage  period  the  20°C  aerobes  maintained  a 

6  o 

count  slightly  greater  than  the  10  /ml.  level  and  the  7  C  aerobes 

6 

fluctuated  about  10  /ml.  (Tables  V,  VI:  Figures  5,  6,  10-20).  The 

6  5 

37 . 5°C  aerobes  fluctuated  within  the  10  to  10  /ml.  range.  The  an¬ 
aerobes  which  were  at  10^/ml.  in  November/58  decreased  to  105/ml. 

6  , 

during  January  and  February/ 59  and  then  returned  to  10  /ml.  in 
March/59.  The  Most  Probable  Number  of  coliforms  was  near  to  5.0 
x  104/ml.  throughout  the  winter.  The  algae  were  too  numerous  to 
count  (greater  than  1. 6  x  106/ml).  From  November/58  to  March/59, 
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though  the  count  decreased  to  10^/ml.  in  February/59.  (Appendix  E). 

Four  samples  were  taken  during  the  period  of  overflow  in  the 
open  water  season.  Both  top  and  bottom  samples  were  taken  at  the 
outlet  region.  The  period  ended  with  drainage  of  the  lagoon  to  the  one 
foot  level  in  November/ 59. 

All  the  microbial  counts  were  decreasing  when  the  June/59 
sample  was  taken.  On  this  date  the  aerobes  reached  the  lowest  count 
of  the  open  water  period.  The  7°C  aerobes  decreased  to  slightly  above 
10~Vml.  and  then  increased  to  lO^/ml.  level  by  October/59.  After 
fluctuating  to  a  count  slightly  greater  than  10 ^/ml.  the  20°C  aerobes 
returned  to  a  steady  count  of  approximately  3.0  x  10^/ml.  until  October/59. 
The  37.5°C  aerobes  fluctuated  from  104/ml.  in  June/ 59  to  10^/ml.  in 
August/59  and  then  decreased  to  slightly  above  10^/ml.  in  October/59. 

The  anaerobes  continued  to  decrease  to  a  minimum  count  of  10  /ml.  in 
August/ 59  and  by  October/ 59  the  count  had  increased  to  slightly  above 
10  /ml.  In  August/ 59  the  Most  Probable  Number  of  coliforms  reached 
the  lowest  count  (near  103/ml.)  and  then  increased  towards  104/ml.  by 

n 

October/ 59.  The  total  count  of  algae  fluctuated  near  10  '/ml.  in  June 
and  July/ 59  and  then  became  too  numerous  to  count  by  August  and 
October/  59 . 

During  the  winter  of  1959  =  60,  which  was  milder  than  the 
previous  winter,  the  sewage  liquid  filled  to  a  greater  depth  (2  feet)  than 
in  February/59  (1  foot)  and  the  ice  was  only  1.5  feet  by  January/60  as 
compared  to  3  feet  in  February/59.  By  January/60  most  microbial 
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counts  were  lower  than  in  January/ 59.  The  aerobes  incubated  at  7°C 
and  20°C  were  between  10$  and  lO^/ml.  The  37.5°  aerobes,  anaerobes 
and  coliforms  were  lower  than  the  previous  January  counts  by  one=tenth. 
The  total  algae  count  was  near  10? /ml.  by  January/60. 
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LACOMBE  SEWAGE  LAGOON 

At  the  Lacombe  raw  sewage  lagoon  a  complete  year  of  a  standard 
routine  of  operation  occurs  between  November  of  each  year.  In  the 
winter  the  lagoon  is  used  for  the  storage  of  sewage  and  in  the  summer 
during  the  open  water  seasons  the  lagoon  is  allowed  to  overflow  con- 
tinuously  until  it  is  drained  in  November. 

The  calculated  detention  time  for  this  "long  detention"  lagoon 
is  204.4  days,  i.e.  ,  the  time  required  to  fill  to  the  maximum  depth  of 
5  feet.  Since  the  lagoon  is  drained  to  the  one  foot  level  in  November,  the 
filling  time  is  actually  about  165  days,  and  an  overflow  occurs  for  the 
remaining  200  days  of  the  year  (until  drained  again  in  November  of  the 
next  year).  (Appendix  B).  During  the  storage  of  the  sewage  liquid  in  the 
winter  of  1958-59  the  liquid  was  transformed  into  the  ice  cover.  The 
liquid  level  decreased  from  12  inches  to  5  inches  by  the  end  of  November/58 
and  7  inches  of  ice  were  formed.  From  November/ 58  to  February/ 59  the 
ice  and  liquid  increased  to  a  depth  of  15  inches  each.  In  March/ 59  the 
water  was  open  and  overflowed  when  the  depth  reached  5  feet.  Overflow 
continued  until  drainage  time  in  November/ 59  and  this  completed  the 
standard  period  of  operation. 

Sampling  occurred  for  a  period  of  19  months  from  July  3/58 
to  January  13/60.  (Appendix  A).  The  majority  of  samples  were  taken 
between  10:30  a.m.  and  1:00  p.m.  Both  top  and  bottom  samples  were 
taken  during  the  overflow  seasons,  but  after  the  November  drainage  of 
the  lagoon  and  the  formation  of  the  ice  cover  only  single  samples  were 
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taken.  The  location  for  sampling  was  in  the  body  of  the  lagoon  approxi¬ 
mately  40  feet  from  the  south  bank  and  south  of  the  inlet  which  is  in  the 
bottom  at  the  centre  of  the  lagoon.  (Appendix  C).  This  sampling  position 
was  used  from  July  3/58  to  March  24/59.  Samples  taken  from  June  3/59 
to  January  13/60  were  obtained  at  the  outlet  region.  Since  the  only 
constant  variable,  the  position  of  the  sample  was  changed  the  study  of  the 
function  of  the  lagoon  from  a  microbiological  point  of  view  could  not  be 
completed  on  a  yearly  basis.  The  microbiological  changes  were  then 
determined  at  the  new  position  in  the  outlet  region  under  completely  new 
micro-environmental  conditions.  Thus  the  microbial  counts  will  be 
considered  under  two  separate  headings  according  to  the  position  of 
sampling. 

The  Microbial  Counts  During  Sampling  within  the  Body  of  the 

Lagoon  from  July/ 58  to  March/59:  (Tables  VII,  VIII;  Figures  7,  8,  10°20). 

The  counts  of  aerobes  grown  at  7°,  20°  and  37. 5°C  followed  a 

similar  pattern  even  though  the  lagoon  was  drained  in  November/58.  The 

anaerobes  and  coliforms  showed  the  greatest  increase  in  count  throughout 

o  5 

the  summer  and  winter  of  1958.  The  7  C  aerobes  increased  from  10  to 
10^/ml.  from  July  to  October/58  and  then  averaged  lO^/ml.  until 
December/59.  The  count  decreased  from  January  to  March/59  to  about 
10“Vml.  The  20°C  aerobes  increased  from  July  to  September/58  from 
105  to  10^/ml.  and  then  fluctuated  about  the  106/ml.  level  until  March/ 59. 

r  ZL 

The  37 . 5°C  aerobes  also  increased  from  10D  to  10  /ml.  to  December/58. 
The  count  then  decreased  to  105/ml.  by  March/59.  The  result  for 
anaerobes  in  the  July  24/58  samples  was  discarded  as  it  was  considered 
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to  be  due  to  experimental  error.  The  anaerobic  count  increased  from 
10  /ml.  in  July  to  10 3/ml.  in  October/ 58.  From  one  open  water  period 
in  the  late  fall  of  1958  to  the  next  open  water  period  in  March  19  59  the 
anaerobic  count  remained  steadily  near  10^/ml.  although  the  January/59 
count  was  close  to  10^/ml.  The  Most  Probable  Number  of  coliforms 
was  102/ml.  from  July  to  the  beginning  of  August/ 58.  The  count  in¬ 
creased  rapidly  at  the  end  of  August/ 58  and  probably  reached  a  value  of 
10  /ml.  or  greater  (based  on  the  trend  shown  during  the  following  winter), 
by  November/ 58.  The  total  algae  count  was  slightly  below  10^/ml.  until 
January/ 59  when  the  algae  were  too  numerous  to  count.  No  count  was 
determined  in  February/59 ,  but  by  March/59  with  the  open  water  the 
count  was  again  near  10^/ml.  (Appendix  E). 

The  Microbial  Counts  During  Sampling  at  the  Outlet  Region  from 

June/59  to  January/60: 

The  lagoon  was  overflowing  at  a  depth  of  5  feet  during  sampling 
from  June  to  September/ 59.  The  final  sample  in  January/ 60  was  taken 
under  ice  15  inches  thick  and  from  a  liquid  depth  of  9  inches.  No  sample 
was  taken  just  before  the  drainage  of  the  lagoon  in  November/ 59  which 
could  have  completed  a  year  of  standard  operation.  The  7°C,  and  20°C 
aerobes,  the  anaerobes  and  the  algae  from  the  outlet  samples  all 
followed  a  similar  pattern  with  their  lowest  counts  in  September/ 59 . 

The  7°C  and  20°C  aerobes  decreased  from  106/ml.  in  June/59  to 
approximately  105/ml.  in  September/59.  The  aerobes  of  the  7°C  group 
then  remained  constant  until  January/60,  but  the  20°C  group  increased 
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slightly  in  plate  count.  The  anaerobes  followed  a  similar  pattern 

decreasing  to  the  10  /ml.  level  but  returning  to  a  level  near  to  but 

slightly  above  that  which  occurred  in  January/ 59.  The  total  count  of 

algae  followed  the  same  pattern,  but  remained  within  the  range  of  10^ 

5 

to  10  /ml.  The  aerobes  incubated  at  37.5°C  decreased  during  June  and 
July/59  (from  10^  to  10^/ml.)  and  then  remained  slightly  above  10^/ml. 
until  January/60.  The  Most  Probable  Number  of  coliforms  fluctuated 
greatly  from  one  sampling  date  to  the  next.  The  June  and  September/59 
counts  were  similar  and  low  (10^ /ml.)  while  the  July/ 59  and  January /60 
counts  were  similar  and  high  (above  10^/ml.). 

During  the  period  of  July/ 58  to  January/ 59  when  samples  were 
obtained  in  the  body  of  the  lagoon  all  microbial  counts  showed  a  steady 
increase.  In  1959  the  microbial  count  of  samples  from  the  outlet  region 
decreased  during  the  period  June  to  September  and  then  increased  until 
January/ 60  when  values  similar  to  those  obtained  in  January/ 59  were 
again  recorded. 

The  pH  was  always  alkaline  in  this  lagoon.  (Table  XXII).  The 
pH  in  the  body  of  the  liquid  in  the  lagoon  was  high  during  the  open  water 
season  of  19  58,  varying  from  10.1  to  8.9,  and  under  the  ice  cover  the 
pH  of  the  liquid  remained  alkaline  with  values  from  8.25  to  7.  55.  At 
the  outlet  sampling  location  the  pH  was  only  8.7  to  9.4  during  the  summer 
and  was  7.5  during  the  winter  of  I960.  The  dissolved  oxygen  had  a 
maximum  value  of  25.6  ppm  in  July/58.  Dissolved  oxygen  was  present 
until  October/ 58.  During  the  period  of  ice  cover  from  November/58 
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until  the  open  water  in  March/59  no  dissolved  oxygen  was  detected  by 
the  Winkler  technique.  Excess  dissolved  oxygen  was  present  in  the 
sample  at  the  outlet  taken  during  the  summer  of  19  59  (20.4  ppm)  but 
no  dissolved  oxygen  was  detected  at  this  location  in  January  19&0. 

The  maximum  temperature  recorded  in  the  body  of  the  lagoon  was  22°C 
during  July  and  August/ 58.  While  the  ice  cover  was  present  the 
temperature  ranged  from  1°  to  0°C.  In  March/ 59  the  temperature  was 
2.5°C  and  there  was  no  ice  cover.  Temperatures  taken  at  the  outlet 
sampling  location  fluctuated  in  a  similar  manner. 
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STONY  PLAIN  SEWAGE  LAGOONS 

This  lagoon  system  consists  of  three  short  detention  lagoons 
and  one  long  detention  lagoon.  The  sewage  liquid  flows  continuously 
through  the  first  three  lagoons.  Lagoons  number  1  and  2  are  constructed 
with  the  same  dimensions  having  a  depth  of  5  feet  and  a  calculated  det¬ 
ention  time  of  0.93  days.  Lagoon  3  has  a  depth  of  5  feet  and  a  calculated 
detention  time  of  2.6  days.  The  fourth  lagoon  which  is  used  as  a  storage 
lagoon  was  constructed  more  recently  and  has  a  depth  of  6  feet  and  the 
calculated  detention  time  is  187  days. 

Only  one  sample  was  taken  from  the  first  lagoon  while  all  three 
lagoons  were  in  normal  operation.  This  sample  was  taken  from  the  top 
on  October  27/58.  The  microbial  counts  obtained  from  this  sample  are 
shown  in  Table  XI,  and  the  various  environmental  factors  in  Table  XXIII. 

No  sampling  was  done  in  lagoon  2.  From  approximately  the 
middle  of  August  to  September  30/58  sewage  flow  occurred  through  lagoons 
1  and  2  into  a  ditch  by=passing  lagoon  3.  On  October  27/58  and  following 
that  date  sewage  again  flowed  through  all  three  lagoons  continuously. 

The  third  short  detention  lagoon  was  not  in  continuous  operation. 
The  inlet  was  plugged  and  the  lagoon  by-passed  for  the  months  of  August 
and  September/ 58.  During  this  time  samples  were  taken  at  the  outlet 
region  although  there  was  no  inflow  or  overflow.  The  stagnant  liquid 
decreased  in  volume  by  evaporation  only.  No  new  nutrients  or  fresh 
inoculum  of  micro-organisms  were  added  to  the  sewage  fluid  during  this 
time.  Results  obtained  from  samples  taken  from  this  lagoon  during 
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August  and  September/58  demonstrate  what  occurs  when  sewage  fluid 
is  stored  during  summer.  During  this  stagnant  period  the  numbers  of 
aerobic  bacteria  obtained  at  7°,  20°  and  37.5°C  decreased  in  a  similar 

manner,  (e.g.,  7°C;  from  10  to  10^  ml.  and  the  20°C;  from  10^  to 

5  .  Q 

10  /ml.).  The  37.5  C  aerobes  showed  the  greatest  change  in  count.  The 
top  sample  decreased  from  10^  to  10^/ml.  ,  while  the  bottom  sample 
decreased  from  10^  to  10^/ml.  The  coliforms  showed  a  decrease  in 
numbers  similar  to  but  less  pronounced  than  the  aerobes  at  37.5°C. 

The  anaerobes  showed  a  10 -fold  increase  in  count  during  the  same 
period.  The  total  algae  count  decreased  from  10^  to  10^/ml.  and  at 
the  end  of  the  period  were  too  few  to  count  accurately. 

The  environmental  factors  were  measured  during  the  months 
the  lagoon  fluid  was  stagnant  and  evaporating.  On  August  13/58  the 
temperature  was  21.5°C.  The  pH  was  7.7  and  there  was  10.5  ppm  of 
dissolved  oxygen  present.  In  the  next  two  samples  the  temperature  was 
16.8°C  and  14.  5°C  and  the  fluid  had  an  alkaline  reaction  at  pH  7.6.  No 
dissolved  oxygen  was  detected  in  these  samples.  When  the  final  sample 
of  the  stagnant  period  (September  30/58)  was  taken  the  temperature  was 
7°C,  the  pH  alkaline  at  8.2  and  dissolved  oxygen  was  again  present  at 
17.4  ppm . 

When  the  October  27/58  sample  was  taken  the  3  lagoons  were 
again  functioning  in  series.  The  third  lagoon  was  flowing  into  a  ditch. 
Continuous  overflow  occurred  through  the  winter.  The  ice  cover  was 
8  inches  thick  and  the  liquid  4  feet  deep. 
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The  sample  of  October/58  shows  the  recovery  of  the  third 
lagoon  as  a  result  of  resumption  of  normal  operation.  Top  samples 
obtained  from  the  first  and  third  lagoon  contained  comparable  microbial 
populations.  No  algae  were  evident  in  the  first  lagoon,  but  they  were 
present  in  the  third  lagoon  though  too  few  to  count  accurately.  There  was 
only  0. 5°C  difference  in  temperature  and  no  dissolved  oxygen  was  present 
in  either  lagoon.  The  pH  decreased  from  7.6  in  the  first  lagoon  to  7.25 
in  the  third  lagoon. 

During  the  period  of  standard  routine  of  operation  from  October/ 58 
to  December/60  both  top  and  bottom  samples  were  obtained  from  the  out¬ 
let  region  at  the  north  bank.  In  October/58  only  a  top  sample  and  in 
March/ 59  only  a  bottom  sample  was  taken. 

All  the  microbial  counts  remained  at  relatively  high  values 
though  there  was  a  gradual  decrease  from  the  fall  of  1958  to  the  winter 
of  1959.  The  aerobes  grown  at  incubation  temperatures  of  7°,  20°  and 
37.  5°C .  decreased  in  a  similar  pattern  from  the  high  of  lO^/ml.  in 
October/58  fluctuating  between  106  to  105/ml.  until  December/60  when 
the  counts  were  near  105/ml.  The  anaerobes  increased  to  their  maximum 
count  (107/ml.)  in  December/ 58  then  decreased  to  104/ml.  in  March/ 59 
and  fluctuated  between  104/ml.  to  105/ml.  until  December/60.  The  Most 
Probable  Number  of  coliforms  in  March/59  was  105/ml.  therefore  it  is 
considered  that  the  coliform  count  probably  had  reached  this  value  in 


October/ 58  after  the  continuous  overflow  commenced.  The  count  de- 
creased  from  105/ml.  to  104/ml.  by  June/59,  remained  steady  until 
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August/ 59  and  then  decreased  to  slightly  below  10^/ml.  by  December/60. 
The  algae  were  too  few  to  count  accurately  in  the  October/58  sample, 
but  by  December/ 59  the  count  was  10^/ml.  in  4  feet  of  liquid  covered 
with  8  inches  of  ice.  The  algae  decreased  to  slightly  above  10^/ml.  by 
March/ 59.  No  results  were  obtained  in  June/ 59.  In  August/ 59  the  algae 
were  too  few  to  count  accurately,  but  by  December/ 60  the  count  was 
10^/ml.  (liquid  4";  ice  8"). 

The  long  detention  lagoon,  the  fourth  lagoon,  was  brought  into 
service  to  store  sewage  flowing  continuously  from  the  third  short  deten- 
tion  lagoon.  The  initial  filling  began  in  April/ 59  and  continued  until  the 
Sp  ring  of  I960  when  the  lagoon  was  drained  to  the  one  foot  level. 

Top  and  bottom  samples  were  taken  at  the  outlet  region  on  the 
north  bank  on  August  2  5/59  and  on  December  9/59. 

The  microbial  counts  of  all  groups  were  similar  in  the  top  and 
bottom  sample  in  August/59.  On  December/59  when  the  final  samples 
were  taken,  the  aerobes  at  7°,  20°  and  37.5°C,  all  had  a  10-fold  greater 
count  in  the  top  sample,  than  in  the  bottom  sample,  while  the  other 
microbial  groups  had  similar  counts  in  both  samples.  At  this  time  the 
lagoon  was  stagnant  with  4.  5  feet  of  liquid  under  1  foot  of  ice.  The 
temperature  of  the  liquid  was  0. 5°C.  Nutrients  and  organisms  were 
being  continuously  added  to  the  lagoon  by  way  of  the  influent.  During 
the  period  August  to  December/59  all  the  microbial  counts  increased 
greatly.  Aerobes  and  anaerobes  incubated  at  37.5°C  showed  a  10-fold 
increase.  The  aerobes  of  7°C  and  20°C  and  the  coliforms  increased 
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100-fold.  The  greatest  change  however  was  shown  in  the  total  algae 
count. 

The  counts  for  all  microbial  groups  were  much  lower  in  the 
fourth  lagoon  than  in  the  third  lagoon  in  August/ 59.  By  December / 59 
the  microbial  populations  of  both  the  third  and  fourth  lagoons  had  in¬ 
creased,  however,  the  rate  of  increase  was  more  rapid  in  the  fourth 
lagoon. 

Environmental  factors  in  lagoons  3  and  4  showed  very 
significant  alterations  over  the  period  August/ 59  and  December/ 59.  In 
August/59  the  change  in  each  factor  between  lagoons  3  and  4  was  as 
follows:  The  temperature  increased  from  12°C  to  14°C;  the  pH  in¬ 
creased  from  7. 4  to  8.4.  The  dissolved  oxygen  increased  from  0  to 
8.  8  ppm.  The  depth  of  liquid  was  5  feet  and  4  feet  respectively  in 
December/59  the  changes  between  lagoon  3  and  4  were  as  follows: 

The  temperature  decreased  from  S°C  to  0.  5°c,  the  pH  increased 
from  7.  5  to  7.75.  The  most  significant  change  was  the  concentration 
of  dissolved  oxygen.  The  third  lagoon  had  no  dissolved  oxygen  in  4 
feet  of  liquid  covered  with  8  inches  of  ice  whereas  the  fourth  lagoon 
with  4.  5  feet  of  liquid  and  1  foot  of  ice  contained  6.  3  ppm  of  dissolved 
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DRAYTON  VALLEY  SEWAGE  LAGOONS 

Three  long  detention  lagoons  in  series  constitute  the  sewage  treat¬ 
ment  plant  at  Drayton  Valley.  In  November  each  lagoon  is  drained  to  the  1 
foot  level  so  that  the  operational  depths  are  4!,  4',  and  3’  for  lagoons  1,  2 
and  3,  though  the  actual  depths  are  5',  5*  and  4*  respectively.  The  calcula¬ 
ted  detention  times  are  51.8,  32.9  and  25.6  days,  but  for  reasons  given  above 

(Appendix  B) 

the  actual  detention  times  are  41.4,  26.3  and  26.7  days  respectively.  The 
capacity  of  the  first  lagoon  is  continuously  decreasing  because  it  is  filling 
with  sludge.  The  lagoons  become  storage  lagoons  during  the  winter  after 
being  drained  to  the  1  foot  level  in  November.  The  first  lagoon  is  stagnant 
though  it  continues  to  receive  raw  sewage.  The  subsequent  lagoons  are 
stagnant  and  receive  no  new  nutrients  or  inoculum  of  microorganisms  until 

the  preceding  lagoon  fills  to  overflowing.  After  the  third  lagoon  is  filled, 

* 

the  fluid  is  allowed  to  overflow  until  the  following  November  when  each 
lagoon  is  drained. 

Sampling  was  carried  out  at  Drayton  Valley  for  17  months  from 
(Appendix  A) 

October/ 58  to  February/60.  During  the  period  from  April/59  to  August/ 59 
no  samples  were  obtained  for  a  microbiological  analysis.  Usually  top  and 
bottom  samples  were  taken  at  the  outlet  region  of  each  lagoon  until  drainage 
when  the  liquid  was  too  shallow  or  until  the  formation  of  the  ice  cover. 
Samples  were  taken  at  various  times  of  day  from  11:30  am  to  3:30  pm. 

From  the  microbiological  point  of  view  the  lagoon  will  be 
described  only  during  the  standard  period  of  routine  operation,  from  Novem¬ 
ber/58  to  November/ 59  ♦  The  period  from  November/59  to  the  middle  of 
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February/ j>9  was  the  period  of  storage  for  the  whole  series  of  lagoons.  No 
samples  were  obtained  during  this  period  so  that  the  functional  capacities 
of  each  lagoon  are  unknown. 

The  period  of  continuous  overflow  began  in  February/59  and 
lasted  until  November/ 59. 

During  the  winter  samples  were  taken  in  February  and  March/59. 
Top  and  bottom  samples  were  taken  from  lagoon  1  which  had  a 
depth  of  4  feet  and  only  1  foot  of  ice.  The  February  sample  had  a  temper a= 
ture  of  1°C  and  the  March  sample  was  2°C.  No  dissolved  oxygen  was 
detected  by  the  Winkler  method.  The  pH  was  7 . 5  in  both  samples. 

Only  single  samples  were  taken  from  lagoon  3  since  the  liquid  depth 
was  2.5  feet  and  the  lagoon  was  covered  by  ice  2.0  feet  thick.  The  tempera- 
ture  of  the  February  sample  was  0.5°C  and  the  March  sample  was  1°C.  No 

dissolved  oxygen  was  detected  in  either  sample.  The  pH  was  7.6  in  February 

* 

and  7.7  in  March/ 59. 

During  the  late  winter  of  1959  the  viable  bacteria  counts  remained 
nearly  steady  in  lagoon  1.  The  aerobes  at  37.5°C  and  at  20°C  stayed  slightly 
above  105/ml.  and  lO^/ml.  respectively.  The  aerobes  at  7°C  fluctuated 
about  10^/ml.  The  anaerobes  increased  during  this  period  from  104  and 

10  ^/ ml . 

No  further  samples  were  taken  until  the  end  of  the  summer  of  1959 
(September  16/59)  so  that  the  functional  capacity  of  the  lagoons  during  the 
open  water  period  from  April  to  September/59  is  unknown. 

A  top  and  bottom  sample  was  taken  on  September  16/59  one  and  a 
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half  months  before  the  lagoons  were  drained  to  the  one  foot  level  in 
November/59.  On  this  date  samples  were  taken  from  all  three  lagoons  for 
the  first  time.  The  samples  were  taken  between  11:15  and  11:45  AM. 

The  temperature  in  lagoon  1  was  11°C.  Lagoon  2  and  3  both  had 
a  temperature  of  12°C.  The  first  two  lagoons  were  more  alkaline  and  had 
the  same  pH  (9.1)  whe  re  as  lagoon  3  had  a  pH  of  8.55.  There  was  little 
difference  between  lagoons  with  regard  to  dissolved  oxygen,  e.g.  ,  1.7  ppm 
for  lagoon  1;  1.4  ppm  for  lagoon  2;  and  1.2  ppm  for  lagoon  3. 

In  lagoon  1  only  a  top  sample  was  taken.  The  aerobes  at  7°C  had 
a  count  slightly  above  10^/ml.  whereas  both  the  20°C  and  37.5°C  groups 
were  slightly  less  than  10^/ml. 

The  counts  in  lagoon  2  were  at  a  lower  level  except  for  the  anae¬ 
robes  which  remained  at  10^/ml.  The  aerobes  at  7°C  were  at  the  lO^/ml 
level  whereas  the  20°C  and  37.  5°C  groups  were  at  the  10^/ml  level.  The 
coliform  count  was  lower  (10^/ml.). 

In  lagoon  3  the  aerobes  at  7°C  and  20°C  were  both  slightly  below 
10^/ml.  The  aerobes  at  37.5°C  maintained  a  high  count  similar  to  the 
previous  lagoon  at  the  level  of  10^/ml.  Both  the  anaerobes  and  the  coliforms 
had  the  lowest  and  the  same  count  of  3.5  x  10°/ml.  In  this  sample  the  algae 

were  too  few  to  count  accurately. 

The  extent  of  stabilization  of  the  microorganisms  within  each 
lagoon  during  this  period  of  standard  operation  from  November/58  to 
November/ 59  was  greater  in  each  subsequent  lagoon. 

The  stage  of  stabilization  was  greater  in  lagoons  1  and  3  in  the 
summer  than  during  the  previous  winter.  Lagoon  3  was  at  a  more  stabilized 
state  from  the  microbiological  point  of  view  than  lagoon  1  and  2. 
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GENERAL  DISCUSSION 

!•  STRUCTURE  AND  OPERATION  OF  THE  LAGOONS 

The  lagoons  may  be  classified  according  to  their  structure 
(APPen<iix  C)  an(l  their  operational  capacities.  (Appendix  B).  None  of  the 
lagoons  are  identical  in  any  of  these  features.  The  only  common  feature  is 
their  function  to  stabilize  the  organic  matter  and  the  microorganisms  present 
within  the  lagoon. 

The  lagoons  may  be  classified  according  to  the  actual  routine  of 
operation  (Appendix  D)  used  during  the  investigation  of  the  standard  period 
which  occurred  between  November/58  and  November/59.  Only  three  lagoon 
systems  (Holden,  Daysland,  Drayton  Valley)  maintained  a  standard  routine 
of  operation  throughout  our  investigation.  Alterations  from  a  standard 
routine  of  operation  occurred  in  all  others.  The  third  lagoon  at  Stony  Plain 
was  by-passed  from  August  to  September/58.  Bruderheim  lagoon  was 
changed  from  a  storage  lagoon  in  1958  to  an  overflow  lagoon  during  the 
summer  of  19  59;  and  drained  in  April/58  but  not  April/ 59.  Lacombe  lagoon 
was  drained  in  April/ 58  so  that  the  overflow  occurred  from  July  to  Novem¬ 
ber/58;  but  in  1959  the  lagoon  was  not  drained  in  April  so  that  overflow 
occurred  throughout  the  open  water  season. 

2.  STABILIZATION  OF  THE  MICROORGANISMS 

The  influence  that  the  lagoons  may  have  upon  the  survival  and  the 
sedimentation  of  the  microbial  populations  present  within  the  sewage  liquid 
may  be  determined  by  comparing  the  counts  of  the  microbial  populations 
during  the  periods  of  maximum  or  minimum  physico-chemical  environmental 
conditions  as  occurs  in  the  summer  and  winter  seasons.  Such  comparison 
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was  possible  since  the  standard  period  of  routine  operation  of  each  lagoon 
occurred  from  November/ 58  to  November/ 59  and  samples  were  taken  from 
each  lagoon  in  comparable  seasons.  Winter  samples  were  taken  in  the  late 
winter  of  1959  from  February  17  to  March  10/59.  During  this  time  the  ice 
cover  reached  a  maximum  thickness ,  hours  of  sunlight  were  shortest  and 
the  temperature  of  the  lagoon  was  lowest.  Also  this  was  the  final  stages  of 
storage  for  storage  lagoons  and  a  month  before  the  ice  melted  from  the 
continuously  overflowing  lagoons.  Summer  samples  were  taken  in  the  late 
summer  of  19  59  from  August  25  to  September  16/59  when  there  was  open 
water  and  a  continuous  overflow  of  sewage  liquid  from  all  but  the  Holden 
lagoon.  At  this  time  the  hours  of  sunlight  were  longest  and  the  water 
temperature  of  the  lagoon  approached  the  maximum  for  the  year. 

4 

3.  THE  COMPARISON  OF  THE  MICROBIAL  POPULATIONS  OF  EACH 

LAGOON  DURING  THE  STANDARD  PERIOD  FROM  THE  LATE  WINTER 

TO  LATE  SUMMER  of  1959 

I.-  A  SINGLE  LAGOON 

A.  Standard  Routine  of  Operation  Throughout  the  Investigation. 

1.  HOLDEN 

In  this  long  detention  lagoon,  which  is  used  for  raw  sewage  storage 
during  the  winter  and  summer  and  is  drained  before  each  period,  some 
reduction  of  the  microbial  populations  occurred  within  the  body  of  the  lagoon. 
There  was  a  one-tenth  reduction  of  the  viable  bacteria.  The  aerobes  decreased 
from  10^  to  loVml.  The  anaerobes  and  the  coliforms  each  decreased  from 

9 

104  to  103/ml.  The  total  algae  count  stayed  at  106/ml. 
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2.  DAYSLAND 

This  continuously  overflowing  lagoon  has  a  short  detention  period 
which  is  continuously  becoming  shorter  due  to  the  deposition  of  sludge.  In 
the  body  of  the  lagoon  during  the  standard  period  the  aerobes  maintained  a 
count  of  lO^/ml.  The  anaerobes  maintained  a  steady  count  (10^/ml.).  The 
coliforms  were  reduced  from  10^  to  10^/ml.  The  total  algae  count  stayed 
at  XO^/mlo 

B.  Routine  of  Operation  Altered  During  the  In  vestigation. 

1.  LACOMBE 

Lacombe  has  a  long  detention  lagoon  used  for  storage  of  raw 

sewage  during  the  winter  and  overflow  during  the  summer  with  drainage  each 

November.  Previous  to  the  period  of  standard  operation  the  lagoon  was 

drained  in  November  and  April  allowing  only  a  short  overflow  period  from 

July  to  November/58.  The  location  of  sampling  was  changed  from  the  body  of 

the  lagoon  during  the  winter  storage  period  to  the  outlet  region  during  the 

6  5 

summer  overflow  of  1959.  The  aerobes  decreased  from  10  to  10“/ml. 

The  coliforms  maintained  a  steady  count  of  104/ml„  The  anaerobes  decreased 
from  10^  to  lO'Vml.  In  the  summer  the  total  algae  count  was  105/ml. 

2.  BRUDERHEIM 

Like  the  Lacombe  lagoon  it  is  a  long  detention  lagoon  used  for 
winter  storage  and  summer  overflow  with  drainage  each  November.  At  the 
beginning  before  standard  operation,  it  was  used  as  a  storage  lagoon  like 
the  Holden  lagoon.  Sampling  at  the  outlet  showed  that  the  microbial  popula¬ 
tion  remained  high  throughout  the  year  of  standard  operation.  There  was  no 
reduction  of  the  aerobic  bacteria  (106/ml.).>  The  anaerobes  decreased  from 
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10  to  10  /ml,  The  coliforms  decreased  from  104  to  lO^/ml.  The  algae 
were  at  the  highest  count  of  any  lagoon;  greater  than  10^/ml. 

ID  A  SERIES  OF  LAGOONS 

A.  Routine  of  Operation  Altered  During  the  investigation, 

1.  STONY  PLAIN 

There  are  a  series  of  three  short  detention  lagoons  which  contin¬ 
uously  overflow.  The  first  lagoon  is  a  sludge  pit  which  is  continuously  filling 
with  sludge.  The  third  lagoon  was  stagnant  until  the  beginning  of  the  period 
of  standard  operation.  In  the  third  lagoon  there  was  no  reduction  of  the 
aerobes  (lO^/ml)  and  the  anaerobic  count  remained  at  104/ml.  The  coliforms 
decreased  from  105  to  104/ml.  The  total  count  of  algae  was  105"7/mi 0 

2.  DRAYTON  VALLEY 

Stabilization  of  the  microorganisms  occurs  in  three  stages  in  this 
series  of  short  detention  lagoons.  During  the  period  of  standard  operation 
system  was  used  for  early  wanter  storage  and  late  winter  and  summer 
overflow .  The  lagoons  are  drained  each  November  so  that  the  length  of  the 

V 

storage  period  for  each  lagoon  during  the  early  winter  depends  upon  the 
time  required  to  fill  each  lagoon  to  overflowing. 

There  were  insufficient  samples  from  lagoon  2  to  show  a  comparison. 

The  stabilization  of  microorganisms  which  occurred  between  lagoon 
1  in  the  winter  and  lagoon  3  in  the  summer  was  as  follows: 

The  aerobic  bacteria  decreased  from  10^  to  104/ml.  (Both  the  7°c 
and  the  20 °C  group  decreased  from  105  to  104/ml).  The  anaerobic  bacteria 
decreased  from  105  to  3.  5  x  10°/ml.  The  Most  Probable  Number  of  coliforms 
decreased  from  104  to  3. 5  x  10° /ml.  The  total  count  of  algae  remained  near 
106/ml. 
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SUMMARY 

The  efficiency  of  stabilization  of  microorganisms  in  the  various 
lagoon  systems  which  were  investigated  may  be  summarized  as  follows: 

There  Is  no  reduction  in  the  number  of  viable  aerobic  bacteria 
in  a  continuously  overflowing  lagoon  system  which  consists  of  a  single  or 
a  series  of  short  detention  lagoons.  (Daysland,  Stony  Plain) 

The  least  reduction  in  the  number  of  viable  aerobic  bacteria  occurs 
in  a  lagoon  system  which  consists  of  a  single  long  detention  lagoon  used  for 
winter  and  summer  storage.  (Holden) 

3.  The  greatest  reduction  in  the  number  of  viable  aerobic  bacteria 
occurs  in  a  series  of  short  detention  lagoons  used  for  storage  in  early 
winter  and  allowed  to  overflow  through  the  late  winter  and  summer. 

(Drayton  Valley) 

4.  When  single  long  detention  lagoons  are  used  for  winter  storage  and 
summer  overflow  and  the  lagoons  have  a  different  structural  design  and 
capacity  (Appendix  B)  the  greatest  reduction  in  the  number  of  aerobic 
bacteria  occurs  in  the  lagoon  with  the  greatest  surface  area.  (Lacombe, 
Bruderheim) 

5o  There  is  no  reduction  in  the  number  of  viable  anaerobic  bacteria 

in  a  continuously  overflowing  lagoon  system  which  consists  of  a  single  or  a 
series  of  short  detention  lagoons.  (Daysland,  Stony  Plain). 

6  The  least-reduction  in  the  number  of  viable  anaerobic  bacteria 

occurs  in  a  lagoon  system  which  consists  of  a  single  long  detention  lagoon 
used  for  winter  storage  and  summer  storage  or  summer  overflow.  (Holden, 


Bruderheim,  Lacombe) 
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^ *  The  greatest  reduction  in  the  number  of  viable  anaerobic  bacteria 

occurs  in  a  series  of  short  detention  lagoons  used  for  storage  in  early 
winter  and  allowed  to  overflow  through  the  late  winter  and  summer .  (Drayton 
Valley) . 

8.  The  greatest  reduction  in  the  number  of  coliform  bacteria  occurs 
in  a  series  of  short  detention  lagoons  used  for  storage  in  early  winter  and 
allowed  to  overflow  through  the  late  winter  and  summer.  (Drayton  Valley). 
Minimal  reduction  occurs  in  all  other  types  of  lagoon  systems. 

9.  In  a  series  of  continuously  overflowing  lagoons  the  reduction  in 
the  number  of  viable  aerobic,  anaerobic  and  coliform  bacteria  is  greatest 
when  an  optimal  detention  time  is  employed  for  each  lagoon. 

10.  Based  on  Public  Health  Standards  for  the  Most  Probable  Number  of 
coliforms  allowable  in  drinking  water  supplies  the  effluent  from  all  of  the 
lagoon  systems  is  not  satisfactory. 

11.  The  total  count  of  algae  remains  high  in  all  lagoons  winter  (under 
the  ice)  and  summer. 

12.  The  culture  method  employed  in  this  investigation  revealed  no 
Salmonella  or  Shigella. 
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ADDITIONAL  INVESTIGATIONS 

A:  SEWAGE  LAGOON  LABORATORY  RESEARCH  PROJECT 

INTRODUCTION 

In  an  attempt  to  investigate  the  affect  of  dairy  wastes  on  sewage 
lagoons  a  small  scale  or  pilot  sewage  lagoon  was  set  up  under  controlled 
conditions  in  the  laboratory.  The  apparatus  and  the  method  of  operation 
has  been  described  in  the  report  of  the  chemical  investigation. 

PROCEDURE 

Various  experiments  were  conducted  using  the  laboratory  apparatus. 
Initially,  100%  sewage  was  placed  in  the  miniature  lagoons  and  held  there  for 
38  days  at  a  temperature  range  of  6.9°  to  7.8°C.  Subsequently,  mixtures  of 
sewage  and  milk,  sewage  and  buttermilk,  sewage  and  cheese  whey  were 
placed  in  the  lagoons  and  held  at  the  same  temperature  range  for  varying 
periods  of  time.  The  mixtures  were  prepared  in  the  following  proportions 
of  sewage  to  dairy  waste  80  to  20,  60  to  40,  50  to  50  and  20  to  80.  The 
number  of  aerobic  bacteria  per  millilitre  was  determined  at  7°C ,  20°C  and 
37.5°C.  The  number  of  anaerobic  bacteria  per  millilitre  was  determined  at 
37. 5°C.  The  number  of  coliform  bacteria  per  millilitre  was  also  determined. 

A  total  count  of  algae  (living  and  dead)  was  also  done. 

Tables  XXVIII  and  XXIX  give  the  results  obtained  in  these  experiments. 

The  results  shown  in  Table  XXVIII  were  obtained'  from  samples 
taken  from  Lagoon  No.  1  which  contained  sewage  plus  the  dairy  waste  in  the 
increasing  concentrations  and  was  maintained  at  a  B.O.D.  loading  equivalent 
to  20  lbs/  acre/  day  throughout  the  test  period.  The  results  shown  in  Table 
XXIX  were  obtained  from  Lagoon  No.  2  which  contained  sewage  plus  the 
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increasing  concentrations  of  dairy  waste  and  was  maintained  at  a  B.O.D. 
loading  equivalent  to  60  lbs/  acre/  day  throughout  the  test  period. 
CONCLUSIONS 

Examinations  of  the  results  presented  in  Table  XXVIII  and  Table 
XXIX  indicate  first,  that  micro-organisms  survived  in  relatively  constant 
numbers  when  pure  sewage  was  held  in  the  laboratory  apparatus.  Secondly, 
the  addition  of  dairy  waste  in  the  form  of  milk,  buttermilk  and  cheese  whey 
in  concentrations  varying  from  20%  to  80%  caused  no  significant  alteration 
in  the  number  of  micro-organisms  present.  Thirdly,  there  is  little  -  if 
any  significant  difference  in  numbers  of  micro-organisms  per  unit  volume 
in  lagoons  having  a  daily  B.O.D.  loading  equivalent  to  20  lbs/  acre  and  in 
lagoons  having  a  daily  B.O.D.  loading  equivalent  to  60  lbs/  acre. 
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B:  MICROBIAL  INVESTIGATION  OF  EFFLUENT  FROM  THE  SEWAGE 

LAGOON  AT  LACOMBE 

Samples  of  the  effluent  from  this  lagoon  were  taken  from  the 
drainage  course  just  before  the  creamery  wastes  enter ,  just  after  creamery 
wastes  enter,  at  the  first  road  allowance  on  the  North-South  road,  and  at  a 
road  allowance  on  the  East-West  road,  approximately  four  miles  from  the 
lagoon.  The  number  of  aerobic  bacteria  per  ml.  was  determined  for  each 
sample  at  7°C  ,  20°C  and  37.5°C.  The  number  of  anaerobic  bacteria  per  ml. 
was  determined  for  each  sample  at  37.5°C  and  the  number  of  conforms 
present  per  ml.  was  determined  at  the  same  temperature.  A  count  of  the 
algae  present  was  not  done.  The  results  of  these  experiments  are  presented 
in  Table  XXX. 

COMMENT 

The  decrease  in  the  number  of  bacteria  per  ml.  which  occurred 
during  the  four-mile  journey  in  the  drainage  course  was  ten-fold  for  all 
groups  studied.  However,  the  decrease  in  conforms  amounted  to 
approximately  10,000-fold. 
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TABLE  XXVIII 


MICROBIAL  POPULATION  IN  LABORATORY  LAGOON  NO,  1 

LOADING  20  lbs.  /ACRE/DAY 

1959 


BACTERIA 

Nov.  30 

Dec.  7 

Dec.  14 

Dec.  21 

Jan.  4 

Jan.  13 

Jan.  19 

AEROBIC 

7°C 

>  3. OxlO6 

3.  OxlO7 

8. 5x1 06 

1.  5xl07 

3.  6x1 06 

5.  8x10s 

3. OxlO6 

20°C 

>3.  OxlO6 

>3.  OxlO7 

4. OxlO6 

8. 8X106 

9.  OxlO6 

1.  OxlO6 

3. OxlO6 

37.  5^ 

7. 9xl04 

1. 3x10* 

1 . 6x1 05 

1. 8x10s 

1.9x10s 

1. 9x10s 

9. 5xl04 

ANAEROBIC 

37.  5^ 

1.  lxlO5 

1.  SxlO4 

5.  5x10s 

> 3 .  OxlO5 

6.  5x1 06 

6. 9X104 

COLIFORMS 

9..  2x1 05 

>2.4xl04 

1. 7x10* 

1. 3x10s 

1.  lxlO4 

1. 7x1 04 

4.  9x10s 

ALGAE 

4.  lxl 06 

9.  SxlO6 

5 .  0x1 06 

4.  7X106 

3.  3x1 06 

4 . 4  x  1 06 

5 .  OxlO6 

BACTERIA 

1960 

Jan.  26 

Feb.  1 

Feb.  8 

Feb.  15 

Feb.  22 

Feb.  29 

Mar.  7 

AEROBIC 

7°C 

1  o  5x1 07 

>3.  OxlO6 

3 . 4x  1 07 

7.  OxlO6 

1. 9X106 

1.  lxlO6 

20°C 

9.  lxlO6 

>3.  OxlO6 

3. 2x1 07 

1 . 6x  1 07 

9.  OxlO5 

1. 7X106 

1.  lxlO6 

37. 5°C 

2. 7x10s 

1.  OxlO5 

8. 0x10s 

3.  7x10* 

3.  5x10s 

1. 4x10s 

1. 0x10s 

ANAEROBIC 

37. 5oC 

7.  5x10* 

4.  6x1 0s 

3. 0x10s 

1. 0x10s 

1. 3x10s 

4.  0x10* 

9.  5x1 0s 

COLIFORMS 

3.  SxlO3 

1. 7x10s 

3.  1x1(2 

>2. 4x10s 

9. 2x10s 

1. 3x10s 

9.2x10s 

ALGAE 

3 ,  6x1 06 

2.7x106 

TNTC 

1. 2x1  OV 

2.  OxlO6 

5.  lxlO6 

BACTERIA 

&6r°.  14 

Mar.  21 

AEROBIC 

7°C 

3.  7xl04 

20°C 

3.  0x1  06 

2 . 2x1 07 

37. 5°C 

5. 7x10s 

2. 2xl06 

ANAEROBIC 

37.  ^C 

1.  OxlO5 

1 . 6x 1 0  5 

COLIFORMS 

2.4x10s 

7. 9x1 02 

ALGAE 

3. OxlO6 
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TABLE  XXIX 


MICROBIAL  POPULATION  IN  LABORATORY  LAGOON  NO.  2 

LOADING  60  lbs.  /  ACRE/ DAY 

1959 


BACTERIA 

Nov.  30 

Dec.  7 

Dec.  14 

AEROBIC 

7°C 

>3.  OxlO6 

l.OxlO7 

8.5x10^ 

20°C 

>  3.  OxlO6 

2.6x1 07 

1.  lxl 07 

37 . 5°C 

9 . 4x1 04 

>3. OxlO4 

2. 8x10s 

ANAEROBIC 

37.  5^ 

7.  5X104 

2. 9X104 

8.  5X104 

CO  LI  FORMS 

2. 4X103 

3.  5X104 

1. 7x1a4 

ALGAE 

8.4x10^ 

7 . 2x1 0s 

4.  5X106 

BACTERIA 

I960 

Jan.  26 

Feb.  1 

Feb.  8 

AEROBIC 

7°C 

6.  7x1  (£ 

>3.  OxlO7 

3.  9x10 7 

2  0  °C 

7 . OxlO6 

2 . 9x1 07 

2.  3x1 07 

37 . 5PC 

1.  3x10s 

2 . 3x1 06 

3.4x10s 

ANAEROBIC 

37.  ^C 

2.  OxlO4 

2.2X104 

6.8x1a4 

COLIFORMS 

1. 9x10s 

1.7x10s  >2.4x104 

ALGAE 

3.  9x10^ 

3.4x10^ 

TNTC 

BACTERIA 

I960 
Mar.  14 

Mar.  21 

AEROBIC 

7°C 

>3. OxlO7 

20°C 

1.  OxlO7 

>3. OxlO7 

37.  5PC 

2 .  lxl 0s 

>3. OxlO6 

ANAEROBIC 

37.  ^C 

7 . 5x1 04 

3.  5x1 04 

COLIFORMS 

3.  5x10s 

2.4x10s 

3. 5x1 06 


Dec.  21 

Jan.  4 

Jan.  13 

Jan.  19 

1. 7xl07 

4.  8x10s 

>3.  OxlO6 

>3.  OxlO6 

7.  SxlO6 

7.0X104 

>3.  OxlO6 

>3. OxlO7 

2. 9x10s 

1. 8x10s 

4.  5x10s 

1. 1x10s 

1.  5x10s 

4.  6X104 

2.7xlOS 

3. 4x10s 

4.  5x10s 

5.4X104 

1.  lxlO4 

2.  lxlO6 

3.  SxlO6 

3.  3x1 06 

4. 8xl06 

Feb.  15 

Feb.  22 

Feb.  29 

Mar.  7 

1. 4x1 07 

2 . 6x1c)6 

4.  9X106 

1.  OxlO7 

1 . 6x  1 07 

3.  OxlO6 

1. 8x1 07 

1. 2xl07 

2.  1x10s 

1. 2x10s 

9. 6x10s 

5. 5x10s 

1.9x10s 

1.  3x10s 

7. 5x10s 

2. OxlO4 

7. 9x10s 

1.  1x10s 

7. 0x102 

1 . 4xl04 

3 .  6x1a6 

5.  8X106 

3 .  8x  1 06 
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TABLE  XXX 


MICROBIAL  POPULATION  OF  EFFLUENT  AT  VARIOUS  LOCATIONS  IN 

THE  DRAINAGE  COURSE  AT  LACOMBE 

October  28  „  1959 

FINAL  EFFLUENT  JUST  BEFORE  THE  CREAMERY  WASTES 

ENTER  INTO  THE  DRAINAGE  COURSE: 

AEROBIC  BACTERIA  ANAEROBIC  COLIFORMS 

BACTERIA 

7°C  20°C  37.5°C  37.5°C  37. 5° C 

2  o  2x10°  1 . 5x10 5  6.4xl03  7.1xl04  5.4xI02 

JUST  AFTER  CREAMERY  WASTES  ENTER  THE  DRAINAGE  COURSE: 

9 . OxlO4  5. OxlO5  3.4xl03  2.2xl04  1.6x10“ 

FIRST  R.A.  ON  NORTH- SOUTH  ROAD: 

6 .  OxlO4  2  o  OxlO4  1 . 3x10 3  3 .  IxlO4  ^9.0x10  1 

R.A.  ON  EAST  -  WEST  ROAD  ALONG  DRAINAGE  DITCH 
(APPROXIMATELY  4  MILES  FROM  LAGOON): 

5.5xl03  5. OxlO4  4. OxlO2  3.  IxlO3  <9.0x10 


THE  TOTAL  ALGAE  COUNT  WAS  NOT  DETERMINED. 
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C.  MICROBIAL  POPULATIONS  IN  ICE  SAMPLES  TAKEN  FROM  THE 

SEWAGE  LAGOONS  AT  DAYSLAND 

In  February,  1959,  and  again  in  January,  I960,  samples  of  ice  were 
obtained  asceptically  from  several  inches  below  the  upper  surface  of  the 
ice  cover  at  a  sewage  lagoon  at  Daysland.  The  microbial  investigation  of 
these  samples  yielded  the  results,  shown  in  Table  XXXI. 
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D.  MICROBIAL  POPULATIONS  OF  SEWAGE  LAGOONS  WERE 

SPOT -TESTED 

During  the  summer  of  1959  and  during  January  of  I960,  a  number  of 
sewage  lagoons  located  in  Northern  Alberta  but  widely  separated  geograph¬ 
ically  were  spot-tested.  The  microbial  population  of  these  lagoons  are  shown 
in  Table  XXXII 

COMMENT 

It  is  evident  from  comparison  of  the  results  presented  in  Table 
XXXII  with  those  in  Tables  I  to  XVIII  that  the  microbial  populations  of  all 
these  widely- separated  lagoons  are  approximately  the  same  at  the  same 
time  of  year.  The  same  result  is  true  for  the  algae  population  and  the 

genera  of  algae  present. 
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NOTE: 


The  appendices  referred  to  in  this  report  are  those  included 
in  the  thesis  "An  Investigation  of  the  Microbial  Flora  of 
Sewage  Stabilization  Ponds"  by  A.  A.  Garden,  M.  Sc. 
University  of  Alberta,  September,  I960. 
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